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From t h e  beginning  of t h e  NASA VGH General  Avia t ion  Program i n  t h e  e a r l y  1960 ' s  
u n t i l  i t s  t e rmina t ion  i n  1982, s t a t i s t i c a l  d a t a  were c o l l e c t e d  from g e n e r a l  a v i a t i o n  
a i r p l a n e s  by means of NASA VGH r e c o r d e r s  ( r e f .  1 ) .  The i n t e n t  of t h e  program w a s  t o  
upda te  informat ion  on g u s t  and maneuver a c c e l e r a t i o n s ,  and a l s o  on t h e  o p e r a t i n g  
p r a c t i c e s  of p re sen t -day  g e n e r a l  a v i a t i o n  a i r p l a n e s .  To accomplish t h i s ,  care w a s  
t aken  t o  i n s t a l l  t h e  VGH r e c o r d e r s  (on a vo lun ta ry  basis)  on a i r p l a n e s  involved  i n  
o p e r a t i o n s  t y p i c a l  of modern usage. Upon t e r m i n a t i o n  of t h e  program, 42 155 h r  of 
VGH d a t a  had been c o l l e c t e d  from 105 a i r p l a n e s  flown i n  9 t y p e s  of ope ra t ions :  twin- 
engine  execu t ive ,  s ing le -eng ine  execu t ive ,  pe r sona l ,  i n s t r u c t i o n a l ,  commercial s u r -  
vey, a e r i a l  a p p l i c a t i o n ,  a e r o b a t i c ,  commuter, and f l o a t  ope ra t ions .  Of  t h e s e  d a t a ,  
35 286 h r  from 95 a i r p l a n e s  were eva lua ted .  Tabula t ions  of g u s t  and maneuver accel- 
e r a t i o n s  i n  0.lg i n t e r v a l s  and of de r ived  gust v e l o c i t i e s  i n  4-ft/sec i n t e r v a l s  are 
g iven  i n  r e f e r e n c e  2 €o r  each of t h e  95 a i r p l a n e s  i n  t h e  d a t a  sample. Lesser por -  
t i o n s  of t h e  d a t a  are r e p o r t e d  i n  r e f e r e n c e s  3 through 11. 
This  r e p o r t  w a s  p repared  from t h e  same d a t a  base  used i n  r e f e r e n c e  2. Informa- 
t i o n  p resen ted  i n c l u d e s  f l i g h t  d u r a t i o n  d i s t r i b u t i o n s  f o r  each of t he  95 a i r p l a n e s ;  
comparisons of maximum and average  i n d i c a t e d  a i r s p e e d s  of a i r p l a n e s  used i n  t h e  
same type  of o p e r a t i o n s ;  d i s t r i b u t i o n s  of i n d i c a t e d  a i r s p e e d s  i n  i n t e r v a l s  of 10 o r  
20 kno t s  f o r  each of t h e  95 a i r p l a n e s ;  comparisons of maximum and average  o p e r a t i n g  
a l t i t u d e s  of a i r p l a n e s  flown i n  t h e  same type  of o p e r a t i o n s ;  and d i s t r i b u t i o n s  of 
f l i g h t s  flown i n  a l t i t u d e  i n t e r v a l s  of 2000 o r  5000 f t  f o r  each of t h e  95 a i r p l a n e s .  
Comparisons are a l s o  made of the o p e r a t i n g  practices f o r  a g iven  a i r p l a n e  type  flown 
i n  d i f f e r e n t  t ypes  of ope ra t ions .  
SYMBOLS AND ABBREVIATIONS 
- 
h average  a l t i t u d e ,  f t  
IAS i n d i c a t e d  a i r s p e e d ,  kno t s  
maximum o p e r a t i n g - l i m i t  Mach number MMO 
NA n o t  a v a i l a b l e  
g u s t  l i m i t  load  f a c t o r  




Ps t n  p i s t o n  
SL sea l e v e l  
- 
t average  f l i g h t  d u r a t i o n ,  h r  
T-j  e t  turbo]  e t  
des ign  c r u i s i n g  speed, kno t s  vC 
des ign  d i v e  speed,  k n o t s  vD 
- 
V average  i n d i c a t e d  airspeed, k n o t s  
i 
'ma x 
3 4 0  
'NE 
maximum a i r s p e e d ,  kno t s  
maximum o p e r a t i n g - l i m i t  a i r s p e e d ,  k n o t s  
never-exceed speed,  k n o t s  
s t a l l i n g  speed,  kno t s  
s u p e r s c r i p t s  i n d i c a t e  a d d i t i o n a l  a i r p l a n e s  of same type  
VS 
1 ' , 1 2, 1 3 . .  . 
I INSTRUMENTATION 
I Data were ob ta ined  from NASA VGH r e c o r d e r s  desc r ibed  i n  r e f e r e n c e  1. B r i e f l y ,  
t h e s e  in s t rumen t s  r eco rd  (on a t ime-h i s to ry  bas i s )  t h e  i n d i c a t e d  a i r s p e e d  of t h e  a i r -  
p l ane ,  p r e s s u r e  a l t i t u d e  based on s t a n d a r d  a tmospher ic  c o n d i t i o n s ,  and normal accel- 
e r a t i o n  measured a t  t h e  a i r p l a n e  c e n t e r  of g r a v i t y .  The r e c o r d e r  has  t h r e e  main 
components: a base c o n t a i n i n g  t h e  r eco rd ing  e lements ,  a drum c o n t a i n i n g  t h e  record-  
i n g  paper ,  and a remote acce le romete r .  The r eco rd ing  base w i t h  the drum a t t a c h e d  
occupies a space abou t  8 i n .  h igh  by 6 i n .  w i d e  by 12 i n .  long. Their combined 
weight  i s  1 7  lb. The remote acce le romete r  i s  abou t  2 i n .  h igh  by 2 i n .  wide by 7 i n .  
long  and weighs 2 1 /4  lb.  A photograph of t h e  recorder is  shown i n  f i g u r e  1 ,  and a 
VGH r eco rd  €rom a n  a i r p l a n e  flown i n  i n s t r u c t i o n a l  o p e r a t i o n s  i s  shown i n  f i g u r e  2. 
I 
Recorders  used i n  t h e  NASA VGH General  Av ia t ion  Program were s e l e c t e d  f o r  a 
p a r t i c u l a r  i n s t a l l a t i o n  acco rd ing  t o  the  a i r s p e e d  c a p a b i l i t i e s  of t h e  a i r p l a n e  t o  be 
ins t rumented .  These a i r p l a n e s  were ins t rumented  w i t h  a 0- to 243-knot r eco rde r ,  a 0- 
t o  350-knot r e c o r d e r ,  o r  a 0- t o  460-knot r eco rde r .  All r e c o r d e r s  used t h e  same a l -  
t i t u d e  range (-1000 f t  up t o  i n f i n i t y ) ,  and a l l  e x c e p t  t h e  a e r o b a t i c  i n s t a l l a t i o n  (6g  
t o  -3g) used t h e  same a c c e l e r a t i o n  range  (4g t o  -29). 
DATA PRECIS ION 
Although t h e  accuracy  of NACA/NASA VGH r e c o r d e r s  h a s  been d e f i n e d  over  the y e a r s  
( r e f s .  1 through 12, f o r  example) ,  t h e  fo l lowing  l i s t i n g s  (char ts  A and B )  i n d i c a t e  
t h e  maximum errors w i t h i n  s p e c i f i e d  € l i g h t  regimes for t h e  a i r s p e e d  and a l t i t u d e  
dai:c\. E-xtreme va lues  of a i r s p e e d  and a l t i t u d e  have been v e r i f i e d  f o r  each of t h e  95 
a i r p l a n e s  
I 2 
I Char t  A m -  Airspeed e r r o r  
I 
Airspeed i n t e r v a l  (wi th  cor responding  
maximum e r r o r  1 , kno t s  
40 (f5.0) t o  80 (k2.0) 
80 (k2.0) to 180 (f1.0) 
180 (f1.0) to 240 (&loo) 
60 (k7.0) t o  120 (f3.0) 
F l i g h t  regime Recorder 
0 t o  240 k n o t s  
I 
0 t o  350 kno t s  
Takeoff and l and ing  ........ 
Cru i se  ..................... 
High speed ................. 
Takeoff and l and ing  . . 
Cru i se  ..................... 
High speed ................. 
Takeoff and l and ing  ........ 
C r u i s e  ..................... 
High speed ................. 
100 (f7.0) t o  150 (*4.0) 
150 (k4.0) t o  320 (f2.0) 
320 (f2.0) t o  450 (kI.0) 
C h a r t  B.- A l t i t u d e  e r r o r  
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PROGRAM DESCRIPTION 
The NASA VGH General  Avia t ion  Program w a s  e s t a b l i s h e d  i n  t h e  e a r l y  1960's i n  
response  t o  a r e q u e s t  by t h e  Fede ra l  Avia t ion  Adminis t ra t ion  f o r  r e p r e s e n t a t i v e  i n -  
format ion  on t h e  g u s t  and maneuver loads ,  and on t h e  o p e r a t i n g  practices f o r  modern 
g e n e r a l  a v i a t i o n  a i r p l a n e s .  F ive  types  of o p e r a t i o n s  were i n i t i a l l y  s e l e c t e d  as 
be ing  t y p i c a l  of c u r r e n t  usage: twin-engine execu t ive ,  s ing le-engine  execu t ive ,  per- 
s o n a l ,  i n s t r u c t i o n a l ,  and commercial survey.  A t t e m p t s  w e r e  made t o  in s t rumen t  a t  
least  t h r e e  d i f f e r e n t  types of a i r p l a n e s  i n  each of t h e  o p e r a t i o n s ,  and t o  l o c a t e  t h e  
a i r p l a n e s  such t h a t  t h e i r  home bases were d i s p e r s e d  a c r o s s  t h e  c o n t i n e n t a l  United 
States ( f i g .  3 ) .  Each p o t e n t i a l  p a r t i c i p a n t  w a s  con tac t ed  by te lephone ,  w a s  g iven  a 
brief d e s c r i p t i o n  of t h e  i n t e n t  of the program, and, i f  i n t e r e s t e d ,  w a s  v i s i t e d  and 
given an i n - d e p t h  b r i e f i n g  of what would be involved i n  t h e  program. P a r t i c i p a t i o n  
i n  the  program w a s  on a vo lun ta ry  b a s i s ,  a l though r eco rde r  i n s t a l l a t i o n  and removal 
3 
c o s t s  were borne by t h e  government. In  g e n e r a l ,  t h e  ma jo r i ty  of owners who were v i s -  
i t e d  were s u f f i c i e n t l y  i n t e r e s t e d  i n  g e n e r a l  a v i a t i o n  and the  VGH program to  ag ree  t o  
p a r t i c i p a t e  i n  t h e  program. A s  the program progressed ,  f o u r  a d d i t i o n a l  o p e r a t i o n s  
were included:  ae r i a l  a p p l i c a t i o n ,  a e r o b a t i c ,  commuter, and f l o a t  ope ra t ions .  
P e r t i n e n t  p h y s i c a l  and des ign  c h a r a c t e r i s t i c s  of t h e  ins t rumented  a i r p l a n e s  are 
g iven  i n  t a b l e  I. Phys ica l  c h a r a c t e r i s t i c s  were obta ined  from t h e  manufacturer ,  from 
"Jane ' s  A l l  t he  World's  A i rc ra f t , "  o r  from the  s p e c i f i c a t i o n s  s e c t i o n s  of va r ious  
Aerospace Forecas t  & Inventory  i s s u e s  of "Aviat ion Week & Space Technology." Design 
informat ion  was ob ta ined  from t h e  a i r p l a n e  manufacturer  o r  w a s  c a l c u l a t e d  us ing  
r e f e r e n c e s  13, 14, o r  15. Each s p e c i f i c  a i r p l a n e  type was ass igned  a number, w i t h  
d i f f e r e n t  models of t h a t  t ype  a s s igned  a le t ter  d e s i g n a t i o n  a f t e r  t h e  number. When 
t h e r e  w e r e  two o r  more a i r p l a n e s  of the same type  o r  model, a numerical  s u p e r s c r i p t  
w a s  used t o  d i s t i n g u i s h  one from t h e  o the r .  
Although type  of o p e r a t i o n  g e n e r a l l y  d e f i n e s  t h e  mission t h a t  t he  ins t rumented  
a i r p l a n e s  were involved  i n ,  a more d e t a i l e d  d e f i n i t i o n  of their  mission i s  u s e f u l  
€ o r  d a t a  i n t e r p r e t a t i o n .  The fo l lowing  t a b u l a t i o n  of o p e r a t i o n s  g i v e s  the  a i r p l a n e s  
involved  i n  t h e  o p e r a t i o n ,  t h e  a i r p l a n e  o p e r a t o r  ( i n d i v i d u a l ,  company, f ixed-base  
o p e r a t o r ,  e tc . ) ,  and t h e  pr imary use  of t h e  a i r p l a n e  i n  t h e  p e r i o d  t ha t  t h e  data 
sample w a s  taken.  
Twin-engine execu t ive  : 
Airp lane  type  
1 , 2 , 2 A ,  3l 
l 1  , 12 ,13 ,  3 
4 and 5 
51 
Single-engine execu t ive :  
Ai rp lane  type  
6 , 7C, 7C1 , 9  
7,7A,7BI8A 
8 ,  8A1, 9A 
Operated by Primary use 
Companies Business  f l i g h t s  
Ai rp lane  manufacturers  F l i g h t  demonst ra t ion ;  
e x e c u t i v e  t r a n s p o r t ;  
ca rgo  carrier 
Fixed -bas e opera  t o r s  Char t e r  f l i g h t s ;  t r a n s i t i o n  
t o  h e a v i e r  a i r p l a n e ;  
i n s t rumen t  f l i g h t s ;  and 
check f l i g h t s  
I n d i v i d u a l  Ambulance; bus iness ;  and 
p l e a s u r e  f l i g h t s  
Operated by Primary use  
I n d i v i d u a l s  Business  and pleasure f l i g h t s  
Co mpani e s Business  and ca rgo  f l i g h t s  
Fixed-base opera  t o r s  Charter f l i g h t s  f o r  pe r sonne l  
and cargo;  i n s t rumen t  check 
f l i g h t s ;  and t r a n s i t i o n  t o  
h e a v i e r  a i r p l a n e  
4 
Persona 1 : 
Airp lane  type  
l o 1 ,  1 OA, 1 2 , 1 2 l ,  
1 2 2 , 1 2 3 ~ 1  a, I 3 , i  3l 
10 
1 1  
I n s t r u c t i o n a  1: 
Ai rp lane  t y p e  
I 
~ 12B, 15 ,16 ,17 ,  
18 ,18 l  
4 A  
Commercial survey:  
A i rp l ane  type  
I 




19 ,19 ’ ,  20, 201 ,21 ,  
2 2 , 2 4 , 2 4 l ,  242, 243 
244, 
6A,  1 7 l ,  26 
Operated by Primary use  
F ly ing  c l u b  P leasu re ,  bus iness ,  and 
i n s t r u c t i o n a l  f l i g h t s  
I n d i  vidua 1 P l e a s u r e  and b u s i n e s s  f l i g h t s  
Fixed-base o p e r a t o r  P leasu re ,  bus iness ,  and 
i n s t r u c t i o n a l  f l i g h t s  
Operated by Primary u s e  
Fixed-base o p e r a t o r s  Basic f l i g h t  i n s t r u c t i o n  
Un i ve r s i t y  B a s i c  f l i g h t  i n s t r u c t i o n  
Univer s i t y  Twin-engine basic and 
advanced f l i g h t  i n s t r u c -  
t i o n ;  i n s t r u m e n t  
i n s t r u c t i o n  
Operated by Primary use  
Con t rac t ed  f o r  by U.S. Lead p l a n e s  f o r  r e t a r d a n t  
F o r e s t  Se r v i  ce t a n k e r s ;  check f o r  
e x c e s s i v e  tu rbu lence ;  mark 
drop s i t e  
Con t rac t ed  f o r  by U.S. Scout  for  f o r e s t  f i r e s ;  
For e s t Se r vi c e transport cargo and 
pers onne 1 
U.S. F o r e s t  S e r v i c e  Smoke jumper f o r  f i r e  
f i g h t e r s ;  p e r s o n n e l  and 
ca rgo  carrier 
Cont rac ted  f o r  by U.S. Drop r e t a r d a n t  on f o r e s t  
Forest Se r v i  ce f i r e s  
G a s  and o i l  p i p e l i n e  P i p e l i n e  patrol  ove r  l e v e l  
c ompani e s and mountainous t e r r a i n  
28 Ind iv idua  1 F i s h  s p o t t i n g  for  commercial 
trawlers 
5 
A e r i a l  a p p l i c a t i o n :  
A i rp l ane  t y p e  
29,29l , 30, 301 
302, 30A, 31 , 32,32l , 
322,33, 33l , 33A, 
33A1 , 33A2, 34,34 , 




Aerobat ic :  




Airplane  type  
39,40 
F l o a t :  
Operated by 
I n d i v i d u a l s  and 
companies 
S t a t e  
Operated by 
Primary use  
Disperse  chemicals  f o r  
c o n t r o l  of he rbs ,  pests, 
and i n s e c t s  on farmlands 
Disperse chemicals  f o r  con- 
t r o l  of he rbs  and i n s e c t s  
on l a k e s  and streams 
Primary use  
Fixed-base o p e r a t o r  Aerobat ic  i n s t r u c t i o n  and 
practice 
Operated by Primary use  
Commuter a i r l i n e s  Passenger  f l i g h t s ;  test  and 
check f l i g h t s  
I 
Airplane  type  
41 
Operated by Primary use  
Fixed-base o p e r a t o r  Personnel  and ca rgo  c h a r t e r ;  
bush-type o p e r a t i o n s  
RESULTS AND DISCUSSION 
Airp lane  o p e r a t i n g  practices p resen ted  i n  t h i s  r e p o r t  re la te  t o  how a i r p l a n e s  i n  
s p e c i f i c  o p e r a t i o n s  are be ing  flown with r e s p e c t  t o  f l i g h t  d u r a t i o n ,  a i r s p e e d  usage,  
and a l t i t u d e  management. Table  I l ists  p e r t i n e n t  p h y s i c a l  and des ign  c h a r a c t e r i s t i c s  
f o r  each type  and model involved  i n  t h e  program, and t a b l e  I1 prov ides  t h e  number of 
f l i g h t s ,  t h e  number of f l i g h t  hours ,  t h e  n a u t i c a l  f l i g h t  miles, t h e  average  o p e r a t i n g  
a l t i t u d e ,  t h e  average  t r u e  a i r s p e e d ,  and t h e  home base s t a t e  f o r  each a i r p l a n e .  
In  t h e  d i s c u s s i o n  t h a t  follows, r e s u l t s  of t h e  d a t a  a n a l y s i s  w i l l  be  addressed  
i n  t h e  fo l lowing  o rde r :  ( 1 )  f l i g h t  d u r a t i o n ,  ( 2 )  a i r s p e e d  practices, and ( 3 )  a l t i -  
t ude  management. 
6 
F l i g h t  Dura ti on 
The d i s t r i b u t i o n  of f l i g h t s  i n  m u l t i p l e s  of 15-min d u r a t i o n  i s  g iven  i n  
tables I I I ( a )  through I I I ( i )  f o r  a i r p l a n e s  i n  n i n e  types  of ope ra t ions .  F i g u r e  4 
shows t h e  average  f l i g h t .  d u r a t i o n  and the pe rcen tage  of f l i g h t s  t h a t  occur  i n  
each  15-min i n t e r v a l  f o r  each  a i r p l a n e .  F l i g h t  times are d e f i n e d  h e r e  as t h e  e l a p s e d  
t i m e  from l i f t - o f f  t o  touchdown. Except ions t o  t h i s  d e f i n i t i o n  are i n  p e r s o n a l ,  i n -  
s t r u c t i o n a l ,  and f l o a t  o p e r a t i o n s  where a i r  work coupled wi th  touch-and-go l and ings  
(practice l and ings  and t a k e o f f s )  were cons ide red  as one f l i g h t .  Also,  a f l i g h t  i n  
which only  a series of touch-and-go l and ings  were made w a s  cons ide red  as a s i n g l e  
f l i g h t .  
t 
Execut ive  ope ra t ions . -  Examination of table I11 and f i g u r e  4 f o r  t r e n d s  t h a t  
may be e v i d e n t  i n  a p a r t i c u l a r  o p e r a t i o n  shows t h a t  a i r p l a n e s  i n  e x e c u t i v e  opera- 
t i o n s ,  bo th  twin and s i n g l e  engine ,  have a g e n e r a l  d i s p e r s i o n  of f l i g h t s  up t o  abou t  
5 1 / 2  h r ,  w i th  roughly  80 p e r c e n t  of t h e  f l i g h t s  having  d u r a t i o n s  less t h a n  2 h r .  
One excep t ion  t o  t h i s  i s  a i r p l a n e  6; f i g u r e  4 ( b )  i n d i c a t e s  t h a t  30 p e r c e n t  of i t s  
f l i g h t s  w e r e  less than  2 h r  and 70 p e r c e n t  were more than  2 hr. A l l  the  a i r p l a n e s  
e x c e p t  l 3  recorded  f l i g h t s  i n  t h e  i n t e r v a l  of 0 t o  15 min, and t h e  l o n g e s t  f l i g h t  
d u r a t i o n ,  5 h r  30.min, w a s  recorded  by a i r p l a n e  7 i n  s ing le -eng ine  e x e c u t i v e  opera-  
t i o n s .  Average f l i g h t  d u r a t i o n s  f o r  a i r p l a n e s  i n  twin-engine e x e c u t i v e  o p e r a t i o n s  
extended from 45 min t o  1 h r  39 min, w i th  the m a j o r i t y  i n  t h e  i n t e r v a l  of 45 min t o  
1 h r  1 5  min. For t h e  s ing le -eng ine  execu t ive  o p e r a t i o n s ,  average  f l i g h t  d u r a t i o n s  
were widely d i f f e r e n t  f o r  a i r p l a n e  t y p e s  6 and 7, ranging  from less t h a n  30 min t o  
more than  2 1 / 2  h r ,  and w e r e  r e l a t i v e l y  c o n s i s t e n t  f o r  a i r p l a n e  t y p e s  8 and 9, f a l l -  
i n g  between 51 min and 1 h r  11 min. 
Pe r sona l  and i n s t r u c t i o n a l  opera t ions . -  F l i g h t  d u r a t i o n s  f o r  a i r p l a n e s  i n  per- 
s o n a l  and i n s t r u c t i o n a l  o p e r a t i o n s  ( f i g s .  4 ( c )  and 4 ( d ) )  show f l i g h t s  l a s t i n g  up t o  
5 1/2 h r  i n  p e r s o n a l  o p e r a t i o n s  and up t o  4 1/4 h r  i n  i n s t r u c t i o n a l  ope ra t ions .  
These f l i g h t s  w e r e  t h e  excep t ion ,  however, w i t h  88 p e r c e n t  of p e r s o n a l  o p e r a t i o n s  
f l i g h t s  l a s t i n g  less t h a n  1 1/2 h r ,  and 75 p e r c e n t  less than  1 hr .  The pe rcen tage  of 
s h o r t e r  f l i g h t  d u r a t i o n s  w a s  even h ighe r  f o r  i n s t r u c t i o n a l  a i r p l a n e s ,  where 97 per- 
c e n t  of the f l i g h t s  l a s t e d  less than  1 1/2 h r ,  and 86 p e r c e n t  less t h a n  1 hr .  Aver- 
age f l i g h t  d u r a t i o n s  f o r  a i r p l a n e s  i n  the  two types  of o p e r a t i o n s  v a r i e d  from 25 min 
t o  1 h r  27 min f o r  p e r s o n a l  o p e r a t i o n s ,  and from 19 min t o  53 min f o r  i n s t r u c t i o n a l  
ope ra t ions .  The weighted average f o r  t he  1 1  p e r s o n a l  a i rp lanes  w a s  47 min, and f o r  
the 1 1  i n s t r u c t i o n a l  a i r p l a n e s ,  33 min. Although the average f l i g h t  d u r a t i o n s  f o r  
both o p e r a t i o n s  are seemingly s h o r t ,  i t  must be remembered t h a t  t h e  ground t i m e  dur -  
i n g  t a x i ,  touch-and-go l and ings ,  and l and ings  t o  a f u l l  s t o p  is  n o t  counted. 
One i n s t r u c t i o n a l  airplane showed a l a r g e r  number of f l i g h t s  l a s t i n g  from 0 t o  
1 5  min than  t h e  p e r s o n a l  a i r p l a n e s  d id ,  w i th  t h e  r e s u l t  t h a t  86 p e r c e n t  of i n s t r u c -  
t i o n a l  a i r p l a n e  f l i g h t s  were (1 h r ,  whereas only  75 p e r c e n t  of p e r s o n a l  a i r p l a n e  
f l i g h t s  w e r e  <1  h r .  
C o m m e r c i a l  survey  opera t ions . -  F igu re  4 ( e )  shows l a r g e  d i f f e r e n c e s  i n  t h e  d i s -  
t r i b u t i o n  of f l i g h t  d u r a t i o n s  f o r  a i r p l a n e s  i n  commercial survey  o p e r a t i o n s .  Air- 
p l a n e s  c l a s s e d  i n  commercial survey  o p e r a t i o n s  i n c l u d e  t h o s e  used as r e t a r d a n t  
t a n k e r s ,  l e a d  p l a n e s  t o  i d e n t i f y  d rop  sites and check t u r b u l e n c e  l e v e l s  p r i o r  t o  re- 
t a r d a n t  drops  by t h e  t a n k e r s ,  s c o u t  p l a n e s  t o  d e t e c t  and report  f o r e s t  f i r e s ,  smoke 
jumper  p l a n e s  t o  c a r r y  f i r e  f i g h t e r s  and f i r e  f i g h t i n g  equipment i n t o  remote areas, 
p i p e l i n e  p a t r o l  p l a n e s  t h a t  check o i l  and gas  p i p e l i n e s  f o r  l eaks ,  and commercial 
f i s h  spotters. Commercial survey  o p e r a t i o n s  are t h e r e f o r e  cons ide red  a conglomerate  
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of o p e r a t i o n s ,  t h e  f l i g h t  c h a r a c t e r i s t i c s  of which would n o t  be expec ted  t o  re la te  
one t o  t h e  o t h e r .  
The d i s t r i b u t i o n  of f l i g h t  d u r a t i o n s  f o r  a i r p l a n e s  used a s  r e t a r d a n t  t a n k e r s  i.s 
remarkably s i m i l a r .  (See f i g .  4 ( e ) ,  a i r p l a n e  types  19, 20, 21, 22 ,  and 24.) For 
t h i s  t ype  of o p e r a t i o n  abou t  90 percent of t h e  f l i g h t s  are less t h a n  1 h r  1 5  min. 
Ai rp lanes  20, 201, and 21 had a few f l i g h t s  t h a t  w e r e  as much as 7 h r  30 min i n  du r -  
a t i o n ;  however, t h e s e  were f e r r y  o r  c a r g o  f l i g h t s  i n  which t h e  a i r p l a n e s  were s h i f t e d  
from one l o c a t i o n  t o  ano the r .  Average f l i g h t  d u r a t i o n s  f o r  t h e  r e t a r d a n t  t a n k e r s  
ranged from a low of 19 min f o r  a i r p l a n e  24  t o  a h igh  of 60 min f o r  a i r p l a n e  21. 
Ai rp lanes  used as l e a d  p l a n e s  ( 4  , 25, and 27) a l so  e x h i b i t e d  similar f l i g h t  d i s t r i . -  
bu t ions .  Ninety p e r c e n t  of t h e  f l i g h t s  were under  3 h r ,  w i th  no more than  16  p e r c e n t  
of t h e  f l i g h t s  o c c u r r i n g  i n  any one 15-min i n t e r v a l .  The average  f l i g h t  d u r a t i o n s  
f o r  t h e  l ead  p l a n e s  w e r e  r e l a t i v e l y  c o n s t a n t ,  vary ing  from 1 h r  11 min t o  1 h r  
2 8  min. 
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The l a s t  two o p e r a t i o n s  i n  f o r e s t  f i r e  f i g h t i n g  are smoke jumping o p e r a t i o n s  and 
s c o u t i n g  ope ra t ions .  D i f f e rences  between t h e  two o p e r a t i o n s  can be seen  by comparing 
t h e  d i s t r i b u t i o n  of f l i g h t  d u r a t i o n s  f o r  a i r p l a n e  23 (smoke jumper)  w i th  t h a t  f o r  
a i r p l a n e  9B ( s c o u t  p l a n e )  i n  f i g u r e  4 ( e ) .  Ninety-four  p e r c e n t  of t h e  f l i g h t s  of a i r -  
p l a n e  23 w e r e  2 1/2 h r  o r  less and t h e  average  d u r a t i o n  w a s  1 h r  8 min. A i rp l ane  9B, 
which performed s e a r c h  and s c o u t  operations, recorded  77 p e r c e n t  of i t s  f l i g h t s  be- 
tween 2 h r  and 3 h r  15  min, and i t s  average  f l i g h t  d u r a t i o n  w a s  2 h r  21 min. 
The f i n a l  t w o  o p e r a t i o n s  covered i n  commercial survey  o p e r a t i o n s  are p i p e l i n e  
p a t r o l  and f i s h  s p o t t i n g .  
p i p e l i n e  patrol  work, and one ( 2 8 )  i n  f i s h  s p o t t i n g .  The f l i g h t  d i s t r i b u t i o n s  f o r  
t h e  a i r p l a n e s  f l y i n g  p i p e l i n e  p a t r o l  were ob ta ined  from f l i g h t s  ove r  bo th  f l a t  and 
mountainous count ry .  The o p e r a t i o n s  of a i rplane 6A were p r i m a r i l y  over h igh  moun- 
t a inous  t e r r a i n  i n  Colorado, Utah, and Wyoming. Ai rp lanes  17l  and 26 were flown over  
Texas, Oklahoma, Louis iana ,  Arkansas,  Kansas, Nebraska, Missouri, Iowa, and I l l i n o i s .  
F l i g h t  d i s t r i b u t i o n s  f o r  a i r p l a n e s  6A and 26 d i d  n o t  exceed 4 h r  45 min and appeared 
t o  be g e n e r a l l y  conf ined  t o  f l i g h t s  less than  4 h r .  A i rp l ane  6A h a s  a r e l a t i v e l y  
even d i s t r i b u t i o n  of f l i g h t s  up t o  4 h r  i n  d u r a t i o n ,  whereas t h e  f l i g h t s  of a i r p l a n e  
26 peaked between 1 and 2 h r  w i th  over  h a l f  (53  p e r c e n t )  o c c u r r i n g  i n  t h i s  t i m e  i n -  
t e r v a l .  
a i r p l a n e s .  Its f l i g h t s  w e r e  more h e a v i l y  weighted i n  t h e  t i m e  i n t e r v a l s  45 min t o  
2 h r ,  and 3 1 / 2  h r  t o  4 1/2 h r ,  which s u g g e s t s  t h a t  t h e  a i r p l a n e  w a s  used t o  p a t r o l  
t w o  separate p i p e l i n e  r o u t e s .  Average f l i g h t  d u r a t i o n s  v a r i e d  from a low of 1 h r  
28 min f o r  a i r p l a n e  26, t h e  l a r g e s t  a i r p l a n e  i n  t h e  group, t o  2 h r  33 min f o r  a i r -  
plane 1 7 l ,  t h e  smallest of t h e  t h r e e  a i r p l a n e s .  
Three a i r p l a n e s  ( 6 A ,  17 l ,  and 26) were involved  i n  
A i rp l ane  17l  recorded  t h e  l o n g e s t  f l i g h t  d u r a t i o n  ( 5  h r  35 min) of t h e  t h r e e  
The pe rcen tage  of f l i g h t s  of a g iven  d u r a t i o n  recorded  by airplane 28 flown on 
commercial f i s h - s p o t t i n g  o p e r a t i o n s  i s  shown i n  f i g u r e  4 ( e ) .  F l i g h t s  f o r  t h i s  p a r -  
t i c u l a r  o p e r a t i o n  were conducted o f f  t h e  coasts of New J e r s e y ,  Maryland, V i r g i n i a ,  
North C a r o l i n a ,  and South Caro l ina  from May through November. The normal procedure  
f o r  t h e  a i r p l a n e  w a s  t o  rendezvous wi th  t h e  f i s h i n g  t r a w l e r s ,  s e a r c h  t h a t  area f o r  
s choo l s  of menhaden, d i r e c t  t h e  trawlers t o  t h e  schoo l s ,  d i rect  t h e  n e t  b o a t s  t o  en- 
c i r c l e  t h e  schoo l s ,  and f i n a l l y  n o t i f y  t h e  trawlers when t o  r e t r i e v e  t h e  n e t s  and 
f i s h .  F igure  4 ( e )  i n d i c a t e s  t h a t  a i r p l a n e  28 recorded  t h e  l o n g e s t  f l i g h t  d u r a t i o n ,  
8 h r  45 min, of any a i r p l a n e  i n  t h e  n i n e  t y p e s  of o p e r a t i o n s  i n v e s t i g a t e d .  The d i s -  
t r i b u t i o n  of f l i g h t s  f o r  a i r p l a n e  28 shows t h a t  t h e r e  w a s  no c o n c e n t r a t i o n  of f l i g h t s  
i n  any one time i n t e r v a l ,  r a t h e r  a regular d i s p e r s i o n  of f l i g h t s  w i th  t h e  l a r g e s t  
number, less than  6 p e r c e n t ,  o c c u r r i n g  between 4 h r  15  min and 4 h r  30 min. 
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Aerial a p p l i c a t i o n  opera t ions . -  Aerial  a p p l i c a t i o n ,  by d e f i n i t i o n ,  i s  t h e  d i s -  
p e r s i o n  of h e r b i c i d e ,  i n s e c t i c i d e ,  pesticide, f e r t i l i z e r ,  o r  seed  on specified areas 
by means of an  a i r p l a n e  o r  h e l i c o p t e r .  In  normal o p e r a t i n g  procedures  t h e  a i r c r a f t  
are loaded with chemicals o r  seed  a t  a home o r  remote f i e l d  and flown t o  the  a r e a  t o  
be t r e a t e d ;  t hen  they  d i s p e r s e  t h e  chemicals  o r  seeds  a t  p r e s e l e c t e d  a i r s p e e d s  and 
a l t i t u d e s  above ground l e v e l  and r e t u r n  t o  t h e i r  o p e r a t i n g  base  t o  be r e s e r v i c e d .  
F igure  4 ( f  1 g i v e s  t h e  percentage  of f l i g h t s  flown i n  i n t e r v a l s  of 15  min by 26 a g r i -  
c u l t u r a l  a i r p l a n e s .  The data shown are f o r  the  complete d a t a  sample € o r  each a i r -  
p l ane ,  and t h e r e f o r e  i n c l u d e  f l i g h t s  o t h e r  than  ae r i a l  a p p l i c a t i o n ;  however, t h e  d a t a  
are cons idered  t y p i c a l  of a g r i c u l t u r a l  a i r p l a n e  usage. All t h e  a i r p l a n e s  excep t  34, 
342, and 34 expended a t  l ea s t  86 p e r c e n t  of t h e i r  f l i g h t s  on a g r i c u l t u r a l  missions.  
Ai rp lanes  34, 342, and 34 
f l i g h t s  f o r  a g r i c u l t u r a l  work, and used t h e  remainder f o r  c ross -count ry  o r  f a m i l i a r -  
i z a t i o n  f l i g h t s .  F l i g h t  d u r a t i o n s  f o r  a g r i c u l t u r a l  f l i g h t s  vary widely,  from those  
o c c u r r i n g  w i t h i n  t h e  i n t e r v a l  of 0 t o  1 5  min t o  those  i n  t he  i n t e r v a l  of 2 h r  45 min 
t o  3 h r .  The l a r g e  d i f f e r e n c e s  i n  f l i g h t  d u r a t i o n  ar ise  f o r  a number of reasons ,  t h e  
more s i g n i f i c a n t  be ing  f i e l d  s i z e ,  ra te  of a p p l i c a t i o n ,  and f e r r y  time. The d i f f e r -  
ences  i l l u s t r a t e  t h e  v a r i e d  requi rements  imposed on a g r i c u l t u r a l  a i r p l a n e s .  
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3 used 71, 65, and 80 p e r c e n t ,  r e s p e c t i v e l y ,  of t h e i r  
The s i m i l a r i t y  of f l i g h t  d u r a t i o n  d i s t r i b u t i o n s  f o r  d i f f e r e n t  a i r p l a n e s  used i n  
a s i n g l e  o p e r a t i o n  is seen  by comparing t h e  f l i g h t  d i s t r i b u t i o n s  of a i r p l a n e s  30 and 
302, flown by an o p e r a t o r  i n  t h e  Pacif ic  Northwest, and those  f o r  a i r p l a n e s  32, 322, 
33A1, and 33A2, flown by an o p e r a t o r  i n  t h e  s o u t h - c e n t r a l  r eg ion  of t h e  United 
S t a t e s .  For a l l  pract ical  purposes  t h e  f l i g h t  d u r a t i o n  d i s t r i b u t i o n  f o r  a i r p l a n e  30 
i s  a lmost  a carbon copy of t h a t  f o r  airplane 30 The same applies t o  a i r p l a n e s  32 
and 322, and a i r p l a n e s  33A1 and 33A , which impl i e s  the d i s t r i b u t i o n s  of a g r i c u l t u r a l  
f l i g h t  d u r a t i o n s  are dependent t o  a l a r g e  e x t e n t  on t h e  ope ra to r .  Es t ab l i shed  opera-  
t o r s  u s u a l l y  have r e g u l a r  customers  whose f i e l d s  are treated yea r  a f t e r  year ,  and 
t h i s  i s  r e f l e c t e d  i n  t h e  c o n s i s t e n t  f l i g h t  d u r a t i o n  d i s t r i b u t i o n  € o r  a g iven  
ope ra to r .  
2 
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Other  ope ra t ions . -  The pe rcen tage  of f l i g h t s  i n  i n t e r v a l s  of 15  min f o r  t h e  l a s t  
t h r e e  o p e r a t i o n s  ( a e r o b a t i c ,  commuter, and f l o a t )  are given i n  f i g u r e s  4 ( g ) ,  4 ( h ) ,  
and 4 ( i ) ,  r e s p e c t i v e l y .  Ai rp lane  38, des igned  f o r  a e r o b a t i c  f l i g h t ,  w a s  used by a 
f ixed-base o p e r a t o r  on t h e  east  c o a s t  of t h e  United S t a t e s  f o r  b a s i c  a e r o b a t i c  i n -  
s t r u c t i o n .  Only a e r o b a t i c s  t h a t  r e s u l t e d  p r i m a r i l y  i n  p o s i t i v e  loads  on the  a i r p l a n e  
s t r u c t u r e  w e r e  performed. Inver ted  aerobatics (outside loops, snaps,  Immelmanns,  
r o l l s ,  or s p i n s )  t h a t  induce l a r g e  nega t ive  a c c e l e r a t i o n s  were n o t  made. F l i g h t s  up 
t o  2 h r  w e r e  recorded;  however, 90 p e r c e n t  of the  f l i g h t s  w e r e  1 h r  o r  less, and the  
average  f l i g h t  d u r a t i o n  w a s  31 min. The f l i g h t  d u r a t i o n  d i s t r i b u t i o n  f o r  t h e  aero-  
b a t i c  o p e r a t i o n  w a s  s imilar t o  t h a t  f o r  i n s t r u c t i o n a l  ope ra t ions .  
A i rp l anes  39 and 40 i n  f i g u r e  4 ( h )  w e r e  flown i n  commuter o p e r a t i o n s  on t h e  
w e s t  and east  c o a s t s  of t h e  United States,  r e s p e c t i v e l y .  Ai rp lane  39 w a s  flown i n  
C a l i f o r n i a  ( i n t r a s t a t e )  and a i r p l a n e  40 i n  New York, New Je r sey ,  Pennsylvania ,  
Maryland, and V i r g i n i a  ( i n t e r s t a t e ) .  Both a i r p l a n e s  recorded f l i g h t s  up t o  2 h r ;  
however, 95 p e r c e n t  of t h e  f l i g h t s  of a i r p l a n e  39 were 30 min o r  less, whereas only 
55 p e r c e n t  of t h e  f l i g h t s  of a i r p l a n e  40 were less than  30 min. The average  f l i g h t  
d u r a t i o n  f o r  a i r p l a n e  39 w a s  1 7  min, abou t  h a l f  t h e  31-min average  f o r  a i r p l a n e  40. 
These d a t a  i n d i c a t e  t h a t  commuter o p e r a t i o n s  may o c c a s i o n a l l y  i n c l u d e  f l i g h t s  up t o  
2 h r ,  b u t  t h e  v a s t  m a j o r i t y  (95  p e r c e n t )  of t h e  f l i g h t s  are less t han  1 h r .  
Ai rp lane  41, flown by a f ixed-base  o p e r a t o r  i n  one of the Pacif ic-Northwest  
States,  was used as a f l o a t  p l a n e  i n  bush-type ope ra t ions .  Cargo and passenge r s  w e r e  
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c a r r i e d  bo th  nea r  and f a r  from t h e  home base  t o  normally i n a c c e s s i b l e  areas. Some 
l and ings  were made on g l a c i e r s  i n  h igh  mountainous r eg ions .  The l o n g e s t  f l i g h t  w a s  
3 h r  6 min, and t h e  average  f l i g h t  w a s  33 min. About 44 percent of t h e  f l i g h t s  w e r e  
15 min o r  less, and 99 p e r c e n t  were under 2 h r .  
F ive  t y p e s  of a i r p l a n e s  i n  t h e  95-a i rp lane  d a t a  sample were involved  i n  more 
than  one type  of o p e r a t i o n :  t ype  4 i n  twin-engine execu t ive ,  i n s t r u c t i o n a l ,  and com- 
mercial survey  o p e r a t i o n s ;  t y p e  6 i n  s ing le -eng ine  execu t ive  and commercial survey  
o p e r a t i o n s ;  t ype  9 i n  s ing le -eng ine  e x e c u t i v e  and commercial survey  o p e r a t i o n s ;  t y p e  
12 i n  p e r s o n a l  and i n s t r u c t i o n a l  o p e r a t i o n s ;  and type  17  i n  i n s t r u c t i o n a l  and commer- 
c i a l  survey  ope ra t ions .  A comparison of t h e  f l i g h t  d u r a t i o n s  of  a i r p l a n e  type  4 used  
i n  d i f f e r e n t  o p e r a t i o n s  ( f i g s .  4 ( a ) ,  4 ( d ) ,  and 4 ( e ) )  shows t h e  maximum f l i g h t  dura-  
t i o n s  i n  a l l  t h r e e  o p e r a t i o n s  w e r e  t h e  same, 4 h r  t o  4 h r  15 min, b u t  t h e  d i s t r i b u -  
t i o n  of f l i g h t s  of s h o r t e r  d u r a t i o n  d i f f e r e d .  I n s t r u c t i o n a l  o p e r a t i o n s  recorded  
s h o r t e r  f l i g h t s ,  w i th  88 p e r c e n t  less t h a n  1 h r .  F l i g h t s  by a i r p l a n e  type  4 i n  exec-  
u t i v e  and commercial survey  o p e r a t i o n s  w e r e  more d i spe r sed ,  w i th  abou t  90 percent 
under 1 h r  30 min, and 2 h r  45 min, r e s p e c t i v e l y .  
A i rp l ane  type  6, f lown i n  s ing le -eng ine  e x e c u t i v e  and commercial survey  
o p e r a t i o n s ,  recorded  f l i g h t  d u r a t i o n s  up t o  5 h r  15  min i n  e x e c u t i v e  o p e r a t i o n s  
( f i g .  4 ( b ) )  and up t o  4 h r  45 min i n  commercial survey  o p e r a t i o n s  ( p i p e l i n e  p a t r o l )  
( f i g .  4 ( e ) ) .  Average f l i g h t  d u r a t i o n s  were a l s o  h i g h e r  i n  execu t ive  o p e r a t i o n s ,  2 h r  
31 min compared wi th  1 h r  58  min; however, a i r p l a n e  6 wi th  i t s  p r e s s u r i z e d  c a b i n  w a s  
designed t o  o p e r a t e  a t  h i g h e r  a l t i t u d e s ,  and because of t h i s  would be expected t o  be  
used f o r  longer  than  normal s ing le -eng ine  e x e c u t i v e  f l i g h t s .  This  p a r t i c u l a r  compar- 
i s o n  may be b ia sed ,  n o t  o n l y  i n  r ega rd  t o  f l i g h t  d u r a t i o n  b u t  a l so  i n  r ega rd  t o  a i r -  
speed and a l t i t u d e  o p e r a t i n g  practices. It t h e r e f o r e  w i l l  n o t  be cons ide red  i n  l a te r  
comparisons of a g iven  type  a i r p l a n e  used i n  d i f f e r e n t  t ypes  of o p e r a t i o n s .  
A comparison of t h e  f l i g h t  d i s t r i b u t i o n s  of a i r p l a n e  t y p e  9 ( f i g s .  4 ( b )  and 
4 ( e ) )  i n d i c a t e s  a g e n e r a l  s i m i l a r i t y  €or t y p e s  9 and 9A i n  e x e c u t i v e  o p e r a t i o n s ;  t h a t  
i s ,  t h e  pe rcen tage  of f l i g h t s  of a g iven  d u r a t i o n  w a s  h i g h e r  f o r  t h e  s h o r t e r  f l i g h t  
d u r a t i o n s ,  t hen  g r a d u a l l y  dec reased  t o  a lower pe rcen tage  as t h e  f l i g h t  d u r a t i o n  i n -  
c r eased .  A i rp l ane  9B, flown as a s e a r c h  and s c o u t  p l a n e  Tor f o r e s t  f i r e s  i n  commer- 
c i a l  survey  o p e r a t i o n s ,  recorded  most of i t s  f l i g h t s  between 2 h r  and 3 h r  15  min, 
w i th  t h e  average  d u r a t i o n  be ing  more t h a n  t w i c e  t h a t  f o r  a i r p l a n e s  9 and 9A i n  
e x e c u t i v e  o p e r a t i o n s .  Airplane type  12, f lown i n  personal and i n s t r u c t i o n a l  opera-  
t i o n s  ( f i g s .  4 ( c )  and 4 ( d ) ) ,  recorded  longe r  f l i g h t  d u r a t i o n s  i n  p e r s o n a l  o p e r a t i o n s  
( 4  1/2 h r  compared wi th  3 1/4 h r ) ;  however, average  f l i g h t  d u r a t i o n s  i n  bo th  opera-  
t i o n s  w e r e  abou t  t h e  same. The most a p p a r e n t  d i f f e r e n c e  between t h e  t w o  t y p e s  of 
o p e r a t i o n s  by t h e  same a i r p l a n e  type  w a s  t h e  h i g h e r  pe rcen tage  of f l i g h t s  i n  t h e  
i n t e r v a l s  of 0 t o  1 5  min and 1 5  t o  30 min i n  p e r s o n a l  o p e r a t i o n s .  A i rp l ane  t y p e  17, 
flown i n  i n s t r u c t i o n a l  o p e r a t i o n s  and on p i p e l i n e  p a t r o l  i n  commercial survey  opera-  
t i o n s ,  i l l u s t r a t e s  i n  f i g u r e s  4 ( d )  and 4 ( e )  t h e  i n f l u e n c e  t h a t  t h e  type  of o p e r a t i o n  
can  have on t h e  d i s t r i b u t i o n  of a i r p l a n e  f l i g h t  d u r a t i o n s .  F igu re  4 ( d ) ,  i n s t r u c -  
t i o n a l  o p e r a t i o n s ,  shows t h a t  a i r p l a n e  17  recorded  92 p e r c e n t  of i t s  f l i g h t s  under 
1 h r  30 min; i t s  maximum f l i g h t  d u r a t i o n  w a s  3 h r  26 min; and i t s  average  f l i g h t  
d u r a t i o n  w a s  46 min. I n  cont ras t  t o  t h i s ,  92 p e r c e n t  of t h e  f l i g h t s  of a i r p l a n e  
17l  i n  commercial survey  o p e r a t i o n s  ( f i g .  4 ( e ) )  i nc luded  f l i g h t s  up  t o  4 h r  30 min. 
The maximum f l i g h t  d u r a t i o n  w a s  5 h r  35 min, and t h e  average  f l i g h t  w a s  2 h r  
33 min - more than  t h r e e  times t h a t  f o r  t h e  same type  airplane flown i n  i n s t r u c t i o n a l  
o p e r a t i o n s .  
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up t o  28 knots .  The r e l a t i v e l y  uniform d i s t r i b u t i o n  of t h e s e  a i r s p e e d s  s u g g e s t s  t h a t  
t h e  performance of t h e  a i r p l a n e s  used i n  t h e  o p e r a t i o n  w a s  g e n e r a l l y  a l ike ,  and t h a t  
Although knowledge of the v a r i a t i o n  i n  f l i g h t  d u r a t i o n s  t o  be expec ted  from a 
l g iven  type  of o p e r a t i o n  i s  d e s i r a b l e ,  o t h e r  t y p e s  of i n fo rma t ion  r e l a t e d  t o  o p e r a t i n g  
practices, such  as a i r s p e e d  practices and a l t i t u d e  management, are a l so  impor t an t  t o  
t h e  d e s i g n e r  o r  a n a l y s t .  Th i s  s e c t i o n  of t h e  r e p o r t  w i l l  d e a l  w i th  a i r s p e e d  prac- 
t ices f o r  the  95 ins t rumented  a i r p l a n e s  i n  t h e  d a t a  sample. Table  I V  l ists  t h e  t i m e  
€lown i n  s p e c i f i e d  a i r s p e e d  i n t e r v a l s  f o r  each a i r p l a n e  i n  t h e  n i n e  t y p e s  of opera- 
t i o n s ,  and f i g u r e  5 g i v e s  t h e  maximum and average  a i r s p e e d s  f o r  each of the  a i r -  
p l anes .  Table  I V  i s  p r e s e n t e d  t o  p rov ide  t h e  r e a d e r  w i th  t h e  basic d a t a  f o r  each 
a i r p l a n e .  These d a t a  may be used t o  combine samples from l i k e  a i r p l a n e s ,  or from 
d i f f e r e n t  a i r p l a n e s  i n  a similar type  of ope ra t ion .  The d i s c u s s i o n  w i l l  d e a l  
p r i m a r i l y  wi th  f i g u r e  5. 
similar v a r i a t i o n s  i n  maximum a i r s p e e d s  f o r  t he  t w o  o p e r a t i o n s ,  111 t o  165 k n o t s  f o r  
p e r s o n a l  and 101 t o  165 kno t s  €or i n s t r u c t i o n a l  a i r p l a n e s  - provided  twin-engine i n -  
s t r u c t i o n a l  a i r p l a n e  4A i s  n o t  cons idered .  D i f f e rences  i n  average  airspeeds are more 
I P e r s o n a l  and i n s t r u c t i o n a l  ope ra t ions . -  Comparisons of a i r s p e e d s  f o r  a i r p l a n e s  
I i n  p e r s o n a l  and i n s t r u c t i o n a l  o p e r a t i o n s ,  f i g u r e s  5 ( c )  and 5 ( d ) ,  r e s p e c t i v e l y ,  show 
C o m m e r c i a l  survey  ope ra t ions . -  Maximum and average  a i r s p e e d s  f o r  a i r p l a n e s  flown 
i n  commercial survey  o p e r a t i o n s  are shown i n  f i g u r e  5 ( e ) .  Ai rp lane  types  19, 20, 21, 
22, and 24 w e r e  used as f i r e  r e t a r d a n t  t a n k e r s ;  a i r p l a n e s  4 , 25, and 27, as lead 
p lanes ;  a i r p l a n e  9B, as a s e a r c h  and s c o u t  p l ane ;  and a i r p l a n e  23, as a smoke jumper 
i n  f o r e s t  f i r e  f i g h t i n g  o p e r a t i o n s .  A i rp l anes  6 A ,  26, and 17l  were used on p i p e l i n e  
patrol  f l i g h t s  t o  check f o r  o i l  o r  gas  leaks, and a i r p l a n e  28 w a s  used as a f i s h  
s p o t t e r  €or a commercial f i s h i n g  f lee t .  Maximum a i r s p e e d s  f o r  f i r e  r e t a r d a n t  t a n k e r s  
v a r i e d  from a h igh  of 315 k n o t s  f o r  a i r p l a n e  21 t o  a l o w  of 180 kno t s  f o r  a i r p l a n e  
245. Average a i r s p e e d s  ranged from 134 t o  167 knots .  L ike  a i r p l a n e  t y p e s  tended t o  
have reasonably  similar average  airspeeds; however, d i f f e r e n c e s  i n  maximum a i r s p e e d s  
were sometimes l a rge .  Of t h e  three a i r p l a n e  t y p e s  f o r  which comparisons between 
o p e r a t o r s  were a v a i l a b l e  (19, 20, and 241, a i r p l a n e  type  24, f lown by t h r e e  oper- 
a tors ,  recorded  t h e  largest d i f f e r e n c e  between average  a i r s p e e d s ,  13  kno t s ,  and 




o p e r a t o r ,  recorded  a p p r e c i a b l y  lower maximum a i r s p e e d s  than  a i r p l a n e  24 o r  a i r p l a n e s  
24' and 244, flown by t h e  o t h e r  t w o  operators. From t h e s e  d a t a  it appea r s  t h a t  a i r -  
speed p r a c t i c e s  are i n f l u e n c e d  by o p e r a t o r - p i l o t  t r a i n i n g  and d i s c i p l i n e .  It i s  
s t r o n g l y  suspec ted  t h a t  t h i s  is so; however, s i n c e  t h e  a i r p l a n e s  w e r e  flown over 
d i f f e r e n t  t e r r a in  ( t h e y  were based i n  t h e  same s ta te ,  b u t  a t  d i f f e r e n t  l o c a t i o n s ) ,  
t h e  l o c a t i o n s  of t h e  f i r e s  (mountainous o r  f l a t  t e r r a i n )  may have d i c t a t e d  h i g h e r  or  
lower a i r s p e e d s .  
1 Ai rp l anes  4 , 25, and 27 w e r e  flown as l e a d  p l a n e s  i n  f o r e s t  f i r e  f i g h t i n g .  As 
such they  preceded t h e  r u n  of t h e  r e t a r d a n t  t a n k e r ,  marked t h e  d rop  area, and checked 
t h e  d e s c e n t  p a t h  f o r  e x c e s s i v e  turbulence .  
engines  (now a requi rement  f o r  f i r e  f i g h t i n  o p e r a t i o n s ) ,  and a i r p l a n e  27 w a s  powered 
by one engine.  
t i v e l y ,  and t h a t  f o r  a i r p l a n e  27 was 114 kno t s  ( f i g .  5 ( e ) ) .  The 24- t o  25-knot d i f -  
f e r e n c e  r e f l e c t s  t h e  speed d i f f e r e n c e s  between t h e  twin- and single-engine-powered 
a i r p l a n e s .  Maximum a i r s p e e d s  recorded  by t h e  t h r e e  a i r p l a n e s  were between 183 and 
197 kno t s  w i th  t h e  s ing le -eng ine  p l a n e  r e c o r d i n g  191 knots .  The h i g h e r  maximum air-  
speed r e l a t i v e  t o  average  a i r s p e e d  f o r  a i rplane 27 compared wi th  airplanes 4l and 25 
implies, f o r  airplane 27, e i t h e r  t a s k - r e l a t e d  requi rements  f o r  an  o c c a s i o n a l  high-  
speed run,  o r  as wi th  t h e  r e t a r d a n t  t a n k e r s ,  l ack  of p i l o t  d i s c i p l i n e .  
A i rp l anes  4' and 25 w e r e  powered by two 
The average  a i r s p e e d s  f o r  4' and 25 w e r e  139 and 138 kno t s ,  respec- 
The l a s t  a i r p l a n e s  i n  t h e  f i r e  f i g h t i n g  o p e r a t i o n  ( 2 3  and 9B), flown on smoke 
jumping and s c o u t i n g  miss ions ,  recorded  average  a i r s p e e d s  of 124 and 100 k n o t s  and 
maximum airspeeds OP 173 and 145 kno t s ,  r e s p e c t i v e l y .  N e i t h e r  a i r p l a n e ,  probably 
because of mis s ion - re l a t ed  requirements ,  recorded  e x c e s s i v e  maximum a i r s p e e d s .  
Of t h e  l a s t  f o u r  airplanes flown i n  commercial survey  o p e r a t i o n s ,  t h r e e  were 
involved  i n  p i p e l i n e  pa t ro l  work and one i n  commercial f i s h  s p o t t i n g .  The t h r e e  i n  
p i p e l i n e  p a t r o l ,  6Ai 17 l ,  and 26, recorded  average  a i r s p e e d s  from a low of 87 kno t s  
t o  a h igh  of 139 knots .  Maximum a i r s p e e d s  ranged from 123 k n o t s  t o  abou t  180 knots .  
In  gene ra l ,  a i r p l a n e s  flown on p ipe l ine  p a t r o l  recorded  h i g h e r  average  i n d i c a t e d  a i r -  
speeds  than  t h e  same type  of airplanes flown i n  o t h e r  o p e r a t i o n s .  These h i g h e r  a i r -  
speeds  r e s u l t e d  from f l y i n g  a t  advanced t h r o t t l e  s e t t i n g s  t o  cover  t h e  prescribed 
patrol  routes i n  minimum t i m e ,  t h u s  p r o v i d i n g  e f f i c i e n c y  and economy t o  t h e  opera- 
of 58 kno t s  and a maximum a i r s p e e d  of 103  knots .  The l o w  average  a i r s p e e d  is  t y p i c a l  
f o r  f i s h  s p o t t i n g  because of t h e  " l o i t e r "  a i r s p e e d s  necessa ry  f o r  f l i g h t  d u r a t i o n  and 
obse rva t ion .  
I t i o n .  A i rp l ane  28, f lown as a commercial f i s h  spotter,  recorded  a n  average  a i r s p e e d  
~ 
Aerial a p p l i c a t i o n  ope ra t ions . -  The ave rage  and maximum airspeeds recorded by 
a i r p l a n e s  used i n  a e r i a l  a p p l i c a t i o n s  are g iven  i n  f i g u r e  5 ( f ) .  A g r i c u l t u r a l  a i r -  
p l a n e  t y p e s  29 and 32 were cons ide red  t o  be i n  t h e  heavy t u r b i n e  class;  t y p e s  30, 31, 
and 33 i n  t h e  heavy p i s t o n  class;  and t y p e s  34, 35, 36, and 37 i n  t h e  l i g h t  p i s t o n  
class. Average a i r s p e e d s  f o r  a l l  classes v a r i e d  from 70 t o  116 kno t s ,  and maximum 
speeds  from 94 t o  142 knots .  The h i g h e s t  average  a i r s p e e d  was recorded  by one of t h e  
heavy turbine-powered a i r p l a n e s ,  29, as expected.  It w a s  n o t  expec ted  t h a t  two of 
t h e  l i g h t  piston-powered a i r p l a n e s ,  35l and 352, would have average  airspeeds equal  
t o  o r  h i g h e r  t han  t h o s e  f o r  t w o  of t h e  heavy turbine-powered airplanes,  32 and 322, 
o r  t h a t  one of t h e  heavy turbine-powered airplanes,  33A, would r e c o r d  next  t o  t h e  
lowest average  a i r s p e e d  of a l l  t h e  a i r p l a n e s  i n  ae r i a l  a p p l i c a t i o n  o p e r a t i o n s .  The 
v a r i a t i o n  i n  average  a i r s p e e d  f o r  t h e  same a i r p l a n e  t y p e s  i n d i c a t e s  t h e  e f f e c t  t h a t  
d i f f e r e n c e s  i n  f e r r y  t i m e  ( f l i g h t  t o  and from f i e l d s  t o  be worked),  f i e l d  s i z e ,  and 
obstacles around t h e  perimeter of t h e  f i e l d  have on a i r s p e e d .  Smal le r  d i f f e r e n c e s  i n  
average  a i r s p e e d  normally e x i s t  between a i r p l a n e s  of t h e  same t y p e  flown over  t h e  
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same group of f i e l d s  by p i l o t s  i n  t h e  same company, f o r  example, a i r p l a n e s  32 and 
322. Maximum a i r s p e e d s ,  p a r t i c u l a r l y  i n  ae r i a l  a p p l i c a t i o n  o p e r a t i o n s ,  appear  t o  be 
a f f e c t e d  by p i l o t  t r a i n i n g  and d i s c i p l i n e ,  as evidenced by the  r e l a t i v e l y  l a r g e  d i f -  
f e r ences  i n  maximum a i r s p e e d s  f o r  t h e  same a i r p l a n e  types.  
Other opera t ions . -  Average and maximum a i r s p e e d s  f o r  a i r p l a n e s  i n  t h e  l a s t  three 
o p e r a t i o n s  - a e r o b a t i c ,  commuter, and f l o a t  - are shown i n  f i g u r e s  5 ( g ) ,  5 ( h ) ,  and 
5 ( i ) ,  r e s p e c t i v e l y .  Ai rp lanes  39 and 40 i n  commuter ope ra t ions  recorded t h e  h i g h e s t  
average and maximum speeds of t h e  fou r  a i r p l a n e s  cons idered .  Both were t u r b i n e  pow- 
e r e d  and t y p i c a l  of t hose  used i n  commuter s e r v i c e .  The d i f f e r e n c e s  between average 
a i r s p e e d s ,  and between maximum a i r s p e e d s  f o r  a i r p l a n e s  39 and 40 i l l u s t r a t e  the range 
of a c c e p t a b l e  a i r s p e e d s  f o r  commuter a i r p l a n e s .  Ai rp lane  38, flown i n  a e r o b a t i c  
ope ra t ions ,  showed a less- than-expected d i f f e r e n c e  between i t s  average and maximum 
a i r s p e e d s  cons ide r ing  t h e  maneuvers flown ( loops ,  s p l i t - S ' s ,  and l azy  e i g h t s )  t h a t  
tend t o  gene ra t e  h igh  speeds ,  p a r t i c u l a r l y  by s t u d e n t  p i l o t s .  Ai rp lane  41, flown as 
a bush p lane  i n  f l o a t  ope ra t ions ,  had an average a i r s p e e d  of 98 knots  and a maximum 
a i r s p e e d  of 1 40 knots .  
Airspeed D i s t r i b u t i o n s  
F igure  6 g ives  the percentage  of t i m e  flown i n  a i r s p e e d  i n t e r v a l s  of 10  o r  
20 knots ,  the  average  a l t i t u d e  < recorded wi th in  t h e s e  i n t e r v a l s ,  t h e  computed 
s t a l l i n g  speed Vsl t h e  des ign  c r u i s i n g  speed Vcl t h e  average  i n d i c a t e d  a i r s p e e d  
Vi, and t h e  never-exceed speed 
When Vc o r  VNE w a s  n o t  known f o r  a p a r t i c u l a r  a i r p l a n e ,  o r  i f  Vc o r  VNE oc- 
cu r red  beyond t h e  scale f o r  the f i g u r e ,  they  were n o t  shown. The des ign  and never-  
exceed speeds shown i n  t h e  f i g u r e s  are f o r  s e a  l e v e l  cond i t ions .  Average a l t i t u d e  
va lues  recorded i n  the  given a i r s p e e d  i n t e r v a l s  are shown above o r  w i t h i n  each ba r  
on the  h is togram and are provided p r i m a r i l y  f o r  g e n e r a l  i n fo rma t ion  t o  the  reader. 
In t h e  fo l lowing  d i s c u s s i o n  a i r s p e e d  range r e f e r s  t o  t h e  a i r p l a n e  a i r s p e e d  from 0 
through Vmax. 
p l anes  and groups of a i r p l a n e s  flown i n  d i f f e r e n t  t ypes  of ope ra t ions .  
- 
VNE f o r  each of the  95 a i r p l a n e s  i n  the  d a t a  sample. 
I t  is  used t o  compare t h e  a i r s p e e d  p r a c t i c e s  of bo th  i n d i v i d u a l  a i r -  
Execut ive  opera t ions . -  Examination of f i g u r e  6 ( a ) ,  d e p i c t i n g  twin-engine execu- 
t i v e  o p e r a t i o n s ,  shows t h a t  t h e  a i r p l a n e s  were flown i n  t h e  upper h a l f  of t h e i r  a i r -  
speed range 80 t o  90 p e r c e n t  of t h e i r  f l i g h t  time. Airspeeds l e s s  than Vs occurred  
when l i g h t w e i g h t ,  f lapped ,  power-on landings  were made. The des ign  c r u i s i n g  peed 
was equaled  o r  exceeded less than  10 p e r c e n t  of the  t i m e ,  and only a i r p l a n e  3' of t h e  
turboprop-  o r  piston-powered a i r p l a n e s  reached o r  exceeded VNE. Whether t u r b o j e t -  
powered a i r p l a n e  types  1 o r  2 reached o r  exceeded Vyo o r  MEIO cannot  be determined 
from t h e  d a t a  as p resen ted ,  s i n c e  t h e  maximum o p e r a t i n g  a i r s p e e d  v a r i e s  wi th  a l t i -  
tude,  and the  a l t i t u d e  a t  which t h e  a i r s p e e d  w a s  recorded is  n o t  shown. 
The airspeed d i s t r i b u t i o n  f o r  a i r p l a n e s  flown i n  s ing le-engine  execu t ive  opera-  
t i o n s  i s  shown i n  f i g u r e  6 ( b ) .  These d i s t r i b u t i o n s  i n d i c a t e  t h a t  t h e  s ing le-engine  
execu t ive  a i r p l a n e s  were flown i n  t h e  upper 50 p e r c e n t  of t h e i r  airspeed range  
95 p e r c e n t  of t h e  t i m e  - 5 t o  15  p e r c e n t  more than  t h e  twin-engine execu t ive  a i r -  
p lanes .  There was l i t t l e  d i f f e r e n c e  i n  t h e  percentage  of t i m e  flown i n  t h e  v i c i n i t y  
of Vs f o r  t h e  twin- o r  s ing le-engine  execu t ive  a i r p l a n e s  powered with p i s t o n  o r  
turboprop eng ines ;  however, the  turbojet-powered twins w e r e  flown a l a r g e r  pe rcen tage  
of time nea r  Vs. A l l  t h e  s ing le-engine  execu t ive  a i r p l a n e s  reached o r  exceeded Vcl 
and a i r p l a n e s  6 and 9A recorded a i r s p e e d s  equa l  t o  o r  i n  excess  of VNE. 
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Persona l  and i n s t r u c t i o n a l  ope ra t ions . -  An examinat ion of f i g u r e s  6 ( c )  and 6 ( d )  
shows t h a t  a i r p l a n e s  i n  p e r s o n a l  o p e r a t i o n s  are flown i n  t h e  lower h a l f  of t h e i r  
a i r s p e e d  range abou t  4 p e r c e n t  of t h e i r  f l i g h t  t i m e .  
16 p e r c e n t  of t h e  f l i g h t  t i m e  f o r  a i r p l a n e s  i n  i n s t r u c t i o n a l  o p e r a t i o n s .  The l a r g e r  
pe rcen tage  i n  t h e  lower speed range f o r  i n s t r u c t i o n a l  airplanes i s  a r e s u l t  of t h e  
r e l a t i v e l y  l a r g e  p o r t i o n  of t i m e  devoted to  t r a i n i n g  t h e  s t u d e n t  p i l o t  i n  how t o  f l y  
i n  t r a f f i c  p a t t e r n s ;  how t o  land ,  c o n t r o l  t h e  a i r p l a n e ,  and t a k e o f f ;  and what t o  
expec t  i n  f l i g h t  a t  slow and near-s ta l l  speeds.  It i s  also noted t h a t  i n s t r u c t i o n a l  
a i r p l a n e s  are flown a t  o r  b e l o w  a l a r g e r  pe rcen tage  of t i m e  t han  a i r p l a n e s  i n  
p e r s o n a l  o p e r a t i o n s ,  2.4 p e r c e n t  v e r s u s  0.1 percent. This  r e s u l t  occu r s  because o f  
t h e  t i m e  s p e n t  by i n s t r u c t o r s  demons t r a t ing  s t a l l s  and sp ins .  The a i r s p e e d s  below 
Vs The 
d e s i g n  c r u i s i n g  speed was equaled  o r  exceeded by a l l  b u t  t h r e e  airplanes,  12, 12A, 
and 1 3  , i n  p e r s o n a l  o p e r a t i o n s ,  and by a l l  a i r p l a n e s  i n  i n s t r u c t i o n a l  o p e r a t i o n s .  
Pe r sona l  a i r p l a n e s  w e r e  f lown above 
( a i r p l a n e  lOA), b u t  u s u a l l y  3 percent of t h e  f l i g h t  t i m e  o r  less. I n s t r u c t i o n a l  
a i r p l a n e s  w e r e  flown above 
1 8  and 1 8  ), wi th  most of t h e  a i r p l a n e s  exceeding  Vc 1 percent of t h e  t i m e  or less. 
The never-exceed speed w a s  equa led  or  exceeded by only  one a i r p l a n e  ( I O A )  i n  p e r s o n a l  
o p e r a t i o n s  and by t h r e e  a i r p l a n e s  (14, 17, and 18’) i n  i n s t r u c t i o n a l  o p e r a t i o n s .  I n  
g e n e r a l ,  t h e  d a t a  show t h a t  airplanes i n  b o t h  p e r s o n a l  and i n s t r u c t i o n a l  o p e r a t i o n s  
were flown i n  a r e l a t i v e l y  c o n s e r v a t i v e  manner, wi th  on ly  f o u r  a i r p l a n e s  i n  t h e  com- 
b ined  o p e r a t i o n s  exceeding  t h e  p l a c a r d  speed 
o p e r a t i o n  t h a t  reached o r  exceeded the  d e s i g n  d i v e  speed  VD- 
This  compares wi th  abou t  
Vs 
are b e l i e v e d  t o  occur a f t e r  t h e  o n s e t  of s t a l l  i n  s t a l l  o r  s p i n  entries.  
1 
Vc a maximum of 20 p e r c e n t  of t h e  f l i g h t  t i m e  
Vc a maximum of abou t  22 p e r c e n t  of t h e  t i m e  ( a i r p l a n e s  1 
VNE. There were no a i r p l a n e s  i n  e i t h e r  
Commercial survey  ope ra t ions . -  The pe rcen tage  of t i m e  f lown i n  v a r i o u s  a i r s p e e d  
i n t e r v a l s  by a i r p l a n e s  i n  commercial survey  o p e r a t i o n s  i s  g iven  i n  f i g u r e  6 ( e ) .  Air-  
plane types  flown as r e t a r d a n t  t a n k e r s  (1  9, 20, 21, 22, and 24) s p e n t  roughly 95 per- 
c e n t  of t h e i r  f l i g h t  t i m e  a t  a i r s p e e d s  i n  t h e  upper  50 p e r c e n t  of t h e i r  a i r s p e e d  
range. A i rp l ane  21 w a s  f lown i n  t h i s  a i r s p e e d  range on ly  48 p e r c e n t  of i t s  f l i g h t  
t i m e  because of a n  i s o l a t e d  high-speed occurrence .  Lead p l a n e s  4’ and 25, s c o u t  
p l a n e  9B, and jump p l a n e  23 i n  f o r e s t  f i r e  f i g h t i n g  s e r v i c e  a l l  recorded  about 
95 p e r c e n t  of t h e i r  f l i g h t  t i m e  i n  t h e  upper  50 p e r c e n t  of t h e i r  a i r s p e e d  range,  as 
d i d  a i r p l a n e s  6 A ,  26, and 17l f lown on p i p e l i n e  p a t r o l  and a i r p l a n e  28 flown as a 
f i s h  s p o t t e r  f o r  commercial f i s h i n g  f l e e t s .  Ai rp lane  27, a l ead  a i r p l a n e  i n  f o r e s t  
f i r e  f i g h t i n g  o p e r a t i o n s ,  was flown i n  t h e  upper 50 p e r c e n t  of i t s  a i r s p e e d  range 
76 p e r c e n t  of t h e  t i m e ,  a lesser pe rcen tage  of i t s  f l i g h t  t i m e  t han  t h e  m a j o r i t y  o f  
t h e  a i r p l a n e s ,  a g a i n  because of a n  i s o l a t e d  high-speed occurrence.  A l l  a i r p l a n e s  
e x c e p t  t ypes  19, 20, and 22 equa led  o r  exceeded t h e i r  d e s i g n  c r u i s i n g  speed. Only 
a i r p l a n e  21 equa led  o r  exceeded i t s  never-exceed speed,  and none of t h e  a i r p l a n e s  
reached t h e  d e s i g n  d ive  speed.  
Aerial  a p p l i c a t i o n  ope ra t ions . -  F i g u r e  6 ( f )  g i v e s  t h e  pe rcen tage  of t i m e  flown 
i n  a i r s p e e d  i n t e r v a l s  of 10  kno t s  by airplanes used i n  aer ia l  a p p l i c a t i o n  o p e r a t i o n s .  
E ighteen  of t h e  26 a i r p l a n e s  w e r e  f lown i n  t h e  upper 50 p e r c e n t  of  t h e i r  a i r s p e e d  
range 99 p e r c e n t  of t h e  t i m e ,  and 8 of t h e  a i r p l a n e s  a t  l ea s t  96 percent of  t h e  
t i m e  - a n  average  of 98.4 p e r c e n t  of t h e  t i m e  f o r  t h e  26  airplanes i n  t h i s  o p e r a t i o n ,  
and t h e  h i g h e s t  f o r  t h e  9 t y p e s  of o p e r a t i o n s .  
shows 1 5  a i r p l a n e s  w e r e  flown a t  speeds  t h a t  never  reached  
flown a t  speeds  t h a t  equaled  or exceeded 
i n  excess  of VNE. 
t h e  same type  of a i r p l a n e  can be seen  by comparin 
t h e  fo l lowing  airplanes: 
wi th  33A1; 34 wi th  34l ,  3421 and 343; 35 wi th  35’ and 352; and 37 wi th  37’. 
Examination of operational speeds  
Vc; 11 airplanes were 
Vc; and 3 of t h e  a i r p l a n e s  recorded  speeds  
t h e  bar g r a  h s  i n  f i g u r e  6 ( f )  f o r  
D i f f e rences  i n  a i r s p e e d  practices by d i f f e r e n t  o p e r a t o r s  f l y i n g  
9 I; 29 wi th  29l ;  30 w i t h  30 ; 32 wi th  32 ; 33 w i t h  33’; 33A 
These 
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comparisons i l l u s t r a t e  t h e  sometimes similar,  sometimes random d i f f e r e n c e s  i n  a i r -  
speed usage by t h e  o p e r a t o r s .  The v a r i a t i o n s  are be l i eved  t o  be caused by 
d i f f e r e n c e s  i n  f e r r y  d i s t a n c e s  t o  and from work areas, f i e l d  s i z e s  ( a f f e c t s  number of 
sp read ing  runs  and t u r n s  per f l i g h t ) ,  r a te  of d i s p e r s a l  (h igh ,  medium, o r  low v o l -  
ume), and p i l o t  technique.  Comparisons of a i r s p e e d  d i s t r i b u t i o n s  f o r  t h e  same a i r -  
p l a n e  types  (30  and 302, 32 and 322)  flown by d i f f e r e n t  p i l o t s  working f o r  t h e  same 
o p e r a t o r  show similar r e s u l t s .  
Other  opera t ions . -  The pe rcen tage  of t i m e  flown i n  a i r s p e e d  i n t e r v a l s  o€ 
10 k n o t s  by a i r p l a n e s  i n  a e r o b a t i c ,  commuter, and f l o a t  o p e r a t i o n s  i s  g iven  i n  
f i g u r e s  6 ( g ) ,  6 ( h ) ,  and 6 ( i ) ,  r e s p e c t i v e l y .  A l l  t h e  a i r p l a n e s  were flown a t  speeds  
e q u a l  t o  o r  above Vc, b u t  on ly  a i r p l a n e  38 i n  a e r o b a t i c  o p e r a t i o n s  and a i r p l a n e  41 
i n  f l o a t  o p e r a t i o n s  exceeded VrJE. 
i t s  airspeed range about  45 p e r c e n t  of the t i m e .  This  i s  be l i eved  t o  r e s u l t  from 
o p e r a t i o n s  a t  low speeds f o r  reasons  desc r ibed  i n  t h e  d i s c u s s i o n  on a i r p l a n e s  i n -  
volved i n  i n s t r u c t i o n a l  o p e r a t i o n s  and, i n  a d d i t i o n ,  from f l i g h t  a t  reduced a i r s p e e d s  
t o  avoid  overspeeds and/or s t r u c t u r a l  damage d u r i n g  e n t r y  and performance of c e r t a i n  
a e r o b a t i c s .  Ai rp lanes  i n  commuter and f l o a t  o p e r a t i o n s  were flown i n  t h e  lower 
50 p e r c e n t  of t he i r  speed range only about  4 p e r c e n t  of t h e  t i m e ,  w i th  t h e  m a j o r i t y  
of t h e i r  f l i g h t  t i m e  spent a t  c r u i s i n g  speeds  i n  t h e  upper h a l f  of t h e i r  a i r s p e e d  
range. 
Ai rp lane  38 w a s  flown i n  t he  lower 50 p e r c e n t  of 
A comparison of a i r s p e e d  d i s t r i b u t i o n s  f o r  t h e  same a i r p l a n e  types  used i n  d i f -  
f e r e n t  o p e r a t i o n s  shows t h a t  a i r p l a n e s  flown i n  i n s t r u c t i o n a l  o p e r a t i o n s  have more 
even d i s t r i b u t i o n s  than  t h o s e  flown i n  twin-engine execu t ive ,  pe r sona l ,  o r  commercial 
survey  o p e r a t i o n s  ( a i r p l a n e  types  4, 1 2 ,  and 1 7 ) .  Ai rp lanes  4 and 9, flown i n  execu- 
t i v e  o p e r a t i o n s ,  e x h i b i t e d  a l a r g e r  pe rcen tage  of a i r s p e e d s  i n  a r e l a t i v e l y  narrow 
band, u s u a l l y  de f ined  by t h e  c r u i s i n g  speeds.  
Maximum and Average A l t i t u d e s  
InEormation p e r t a i n i n g  t o  t h e  a l t i t u d e  management of g e n e r a l  a v i a t i o n  a i r p l a n e s  
i s  p r e s e n t e d  i n  t h e  l as t  s e c t i o n  of t h e  r e p o r t .  Table  V g i v e s  t h e  hours  of f l i g h t  i n  
a l t i t u d e  i n t e r v a l s  of 5000 f t  f o r  turbojet-powered a i r p l a n e s ,  and i n  a l t i t u d e  i n t e r -  
v a l s  of 2000 f t  f o r  turboprop-  o r  piston-powered a i r p l a n e s .  F igu re  7 lists t h e  maxi- 
mum and average o p e r a t i n g  a l t i t u d e s  for each of the  a i r p l a n e s  and is p r e s e n t e d  t o  
show a l t i t u d e  envelopes  f o r  d i f f e r e n t  o p e r a t i o n s  and t o  a l low a comparison of the  
a l t i t u d e  expe r i ence  of i n d i v i d u a l  a i r p l a n e s .  Table  V i s  g iven  t o  p rov ide  t h e  r e a d e r  
w i t h  a means of combining a i r p l a n e  types  o r  o p e r a t i o n s  f o r  comparat ive purposes .  In 
t h e  d i s c u s s i o n  t h a t  fo l lows ,  on ly  d a t a  r e l a t e d  t o  f i g u r e  7 w i l l  be  d i scussed .  
Execut ive  opera t ions . -  F igu res  7 ( a )  and 7 ( b )  show g r a p h i c a l l y  t h e  d i f f e r e n c e s  i n  
o p e r a t i n g  a l t i t u d e s  between t u r b o j e t - ,  turboprop- ,  tu rbocharged-p is ton ,  and p i s t o n -  
powered execu t ive  a i r p l a n e s .  The turbojet-powered a i r p l a n e s ,  t ypes  1 and 2, recorded  
maximum a l t i t u d e s  between 40 000 and 45 000 f t ,  wi th  average  o p e r a t i n g  a l t i t u d e s  
between 20  000 and 30 000 f t .  Turboprop-powered a i r p l a n e s ,  t ype  3, w e r e  flown t o  
maximum a l t i t u d e s  between 21 000 and 24 000 f t  and had average  c r u i s i n g  a l t i t u d e s  
between 10  000 and 1 2  000 f t .  The turbocharged,  piston-powered, p r e s s u r i z e d  cabin ,  
s ing le-engine  e x e c u t i v e  airplane ( t y p e  6 )  had a maximum a l t i t u d e  t h a t  w a s  i n  t h e  
range de f ined  by t h e  turboprop-powered, twin-engine execu t ive  a i r p l a n e s  and had an 
average  o p e r a t i n g  a l t i t u d e  t h a t  was about 2000 f t  h i g h e r  than  t h a t  f o r  e i t h e r  of t h e  
twin-engine,  turboprop-powered e x e c u t i v e  a i r p l a n e s .  Maximum a l t i t u d e s  f o r  t h e  
piston-powered, nonturbocharged execu t ive  a i r p l a n e s ,  bo th  twin and s i n g l e  engine ,  
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extended from 8000 t o  16 000 f t  with t h e  ma jo r i ty  between 1 1  000 and 15 000 f t .  
Average o p e r a t i n g  a l t i t u d e s  va r i ed  from 4000 t o  8000 f t ;  f o r  seven of t h e s e  a i r p l a n e s  
t h e  average a l t i t u d e  w a s  below 5000 f t ,  whereas f o r  t h e  remaining s i x  a i r p l a n e s  t h e  
average a l t i t u d e  w a s  between 7000 and 8000 f t .  
Pe r sona l  and i n s t r u c t i o n a l  opera t ions . -  F igures  7 ( c )  and 7 ( d )  g ive  maximum and 
average ope ra t ing  a l t i t u d e s  f o r  a i r p l a n e s  flown i n  pe r sona l  and i n s t r u c t i o n a l  oper-  
a t i o n s .  Maximum a l t i t u d e s  f o r  a i r p l a n e s  i n  p e r s o n a l  ope ra t ions  were less uniform 
than  f o r  t hose  i n  i n s t r u c t i o n a l  ope ra t ions .  Ai rp lanes  flown i n  pe r sona l  o p e r a t i o n s  
reached maximum a l t i t u d e s  of from 7000 t o  19 000 f t ,  whereas those  flown i n  i n s t r u c -  
t i o n a l  ope ra t ions  had maximum a l t i t u d e s  of about  8000 t o  15 000 f t .  I f  a i r p l a n e  10A 
is  no t  cons idered ,  maximum a l t i t u d e s  f o r  p e r s o n a l  a i r p l a n e s  would f a l l  w i th in  t h e  
same l i m i t s .  The a l t i t u d e  of 19 000 f t  recorded by a i r p l a n e  1OA w a s  reached by one 
of t h e  f l y i n g  c l u b  members a t t empt ing  t o  determine how high t h a t  p a r t i c u l a r  a i r p l a n e  
would f l y .  That a l t i t u d e  p rov ides  a v a l i d  d a t a  p o i n t ,  bu t  it is n o t  cons idered  
t y p i c a l .  "he spread  i n  average o p e r a t i n g  a l t i t u d e s  f o r  a i r p l a n e s  flown i n  pe r sona l  
ope ra t ions ,  from 1000 t o  7000 f t ,  is t h e  same f o r  a i r p l a n e s  flown i n  i n s t r u c t i o n a l  
o p e r a t i o n s ;  however, f o r  t h e  i n s t r u c t i o n a l  a i r p l a n e s  a l l  b u t  one, 17, had average 
o p e r a t i n g  a l t i t u d e s  between 1000 and 3000 f t .  I f  t h e  home f i e l d  e l e v a t i o n  of 5000 f t  
f o r  a i r p l a n e  17 i s  cons idered ,  i t s  average  o p e r a t i n g  a l t i t u d e  above ground l e v e l  
would a l s o  f a l l  between 1000 and 3000 f t .  It appears  t h a t  a i r p l a n e s  involved i n  i n -  
s t r u c t i o n a l  ope ra t ions  a r e  flown i n  more cons t r a ined  a l t i t u d e  i n t e r v a l s  than  a i r -  
planes i n  pe r sona l  ope ra t ions ,  and t h a t  f l i g h t  i n s t r u c t i o n  i s  r e l a t i v e l y  c o n s i s t e n t  
i n  d i f f e r e n t  s e c t i o n s  of the  count ry  and by d i f f e r e n t  f l i g h t  schools .  The d i f f e r -  
ences  i n  maximum and average a l t i t u d e  d i s t r i b u t i o n s  f o r  a i r p l a n e s  flown i n  p e r s o n a l  
o p e r a t i o n s  i l l u s t r a t e  t h e  va r i ed  types  of f l i g h t s  by t h e  d i f f e r e n t  f l y i n g  c lubs .  
Commercial survey  opera t ions . -  Ai rp lanes  used i n  f o r e s t  f i r e  f i g h t i n g  o p e r a t i o n s  
( f i g .  7 ( e ) )  recorded maximum a l t i t u d e s  from 4900 t o  14 880 f t  and average o p e r a t i n g  
a l t i t u d e s  from 1950 t o  8160 f t .  Both maximum and average a l t i t u d e s  were a f f e c t e d  by 
t h e  geographica l  area i n  which t h e  a i r p l a n e s  were ope ra t ed ;  t hose  i n  mountainous 
r eg ions  recorded h ighe r  maximum and average  a l t i t u d e s .  Maximum a l t i t u d e s  f o r  a i r -  
p l anes  flown on p i p e l i n e  p a t r o l  ranged from 3200 t o  1 7  600 f t ,  wi th  average o p e r a t i n g  
a l t i t u d e s  ex tending  from 1150 t o  6080 f t .  The a l t i t u d e  p r a c t i c e s  of t h e s e  o p e r a t i o n s  
were a l s o  in f luenced  by o p e r a t i o n s  over  mountainous r eg ions  ( a i r p l a n e  6A), o r  over  
f l a t l a n d s  ( a i r p l a n e  1 7  1. Airplane 28, flown p r i m a r i l y  over  water i n  commercial 
f i s h - s p o t t i n g  o p e r a t i o n s ,  recorded a maximum a l t i t u d e  of 6250 f t  and had an  average 
o p e r a t i n g  a l t i t u d e  of 1700 f t .  The h ighe r  a l t i t u d e s  f o r  airplane 28  were recorded on 
cross -count ry  f l i g h t s  and on extended f l i g h t s  t o  reach  t h e  f i s h i n g  f l e e t s .  
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A e r i a l  a p p l i c a t i o n  opera t ions . -  Ai rp lanes  used i n  ae r ia l  a p p l i c a t i o n  o p e r a t i o n s  
( f i g .  7 ( f ) )  recorded maximum a l t i t u d e s  from 640 f t  t o  1 5  300 f t  and had average oper- 
a t i n g  a l t i t u d e s  from less than  100 f t  t o  4980 f t .  Maximum a l t i t u d e s  f o r  t h i s  type of 
o p e r a t i o n  u s u a l l y  occurred  on f e r r y  f l i g h t s ,  p l e a s u r e  f l i g h t s ,  o r  t e s t  f l i g h t s  - n o t  
on o p e r a t i o n a l  f l i g h t s .  Geographical  l o c a t i o n  p a r t i c u l a r l y  in f luenced  average a l t i -  
tudes  s i n c e  o p e r a t i o n a l  f l i g h t s  w e r e  flown near  ground l e v e l .  The l a r g e  percentage  
of f l i g h t  t i m e  near  ground l e v e l  by a g r i c u l t u r a l  a i r p l a n e s  i s  i n d i c a t e d  when a com- 
p a r i s o n  o f  home a i r f i e l d  e l e v a t i o n  wi th  average o p e r a t i n g  a l t i t u d e  shows t h e  two 
va lues  t o  be about  t h e  same. 
Other opera t ions . -  F igu res  7 ( g ) ,  7(h), and 7 ( i )  show maximum and average  a l t i -  
t udes  f o r  a i r p l a n e s  i n  a e r o b a t i c ,  commuter, and f l o a t  o p e r a t i o n s ,  r e s p e c t i v e l y .  The 
maximum a l t i t u d e  reached by a i r p l a n e  38 ( f i g .  7 ( g ) )  was 6500 f t ,  and t h e  average  
o p e r a t i n g  a l t i t u d e  w a s  1660 f t .  F i f ty -n ine  p e r c e n t  of t h e  f l i g h t  t i m e  of a i r p l a n e  38 
w a s  used f o r  a e r o b a t i c  i n s t r u c t i o n  and practice, and t h e  remaining t i m e  f o r  b a s i c  
16  
f l i g h t  i n s t r u c t i o n .  Ai rp lanes  39 and 40 ( f i g .  7 ( h ) )  flown i n  commuter ope ra t ions  
recorded maximum a l t i t u d e s  of 1 1  040 and 14 300 f t ,  and average o p e r a t i n g  a l t i t u d e s  
of 2320 and 4280 f t ,  r e s p e c t i v e l y .  The r e l a t i v e l y  low average and maximum a l t i t u d e s  
f o r  t h e  turboprop-powered commuter a i r p l a n e s  , compared with turboprop-powered a i r -  
p l ane  type 3 flown i n  twin-engine execu t ive  ope ra t ions  ( f i g .  7 ( a ) ) ,  were a r e s u l t  of 
s h o r t  f l i g h t s ,  which are c h a r a c t e r i s t i c  of commuter ope ra t ions .  Because of t h e  s h o r t  
f l i g h t s  - average  d u r a t i o n  18  t o  32 min ( f i g .  4 ( h ) )  - it w a s  n o t  t i m e  e f f i c i e n t  t o  
o p e r a t e  a t  the h ighe r  a l t i t u d e s  used by t h e  twin-engine execu t ive  turboprop  a i r -  
p lanes .  Ai rp lane  41, a f loa t -equipped  a i r p l a n e  used i n  bush-type o p e r a t i o n s ,  w a s  
flown t o  a maximum a l t i t u d e  of 14 370 f t  and had an average o p e r a t i n g  a l t i t u d e  of 
2505 f t .  
A 1  ti tude  D i  s t r i b u  ti on 
Although f i g u r e s  7 ( a )  through 7 ( i )  g ive  envelope-type a l t i t u d e  in fo rma t ion  f o r  
a i r p l a n e s  i n  t h e  n ine  types  of o p e r a t i o n s ,  it i s  a l s o  of i n t e r e s t  t o  know t h e  amount 
of t i m e  t ha t  i n d i v i d u a l  a i r p l a n e s ,  o r  combined a i r p l a n e s  i n  a specif ic  ope ra t ion ,  
spend i n  g iven  a l t i t u d e  i n t e r v a l s .  F igu res  8 ( a )  through 8 ( i )  p rovide  such d a t a  g iv-  
i n g  t h e  percentage  of t i m e  t h a t  t u r b o j e t -  and turboprop-powered a i r p l a n e s  are flown 
i n  a l t i t u d e  i n t e r v a l s  of 5000 f t ,  and t h e  percentage  of t i m e  t h a t  piston-powered 
a i r p l a n e s  are flown i n  a l t i t u d e  i n t e r v a l s  of 2000 f t .  Also noted i n  the f i g u r e s  i s  
t h e  average o p e r a t i n g  a l t i t u d e  f o r  each a i r p l a n e .  Average i n d i c a t e d  airspeeds i n  the  
a l t i t u d e  i n t e r v a l  are noted above o r  w i th in  each b a r  on t h e  his togram. 
Execut ive opera t ions . -  An examinat ion of t h e  percentage  of t i m e  flown i n  va r ious  
a l t i t u d e  i n t e r v a l s  by t h e  turbojet-powered execu t ive  a i r p l a n e s  ( t y p e s  1 and 2 )  shows 
t h a t  t h e  a i r p l a n e s  averaged about  49 p e r c e n t  of t h e i r  f l i g h t  t i m e  above 30 000 f t  
( f i g .  8 ( a ) ) .  Below 30 000 f t ,  however, t h e r e  were d i f f e r e n c e s  i n  t h e  amount of t i m e  
flown i n  s p e c i f i c  a l t i t u d e  bands. Ai rp lanes  l 1  and l 2  were used as demonst ra tors  t o  
promote t h e  sale of a s p e c i f i c  a i r p l a n e  type,  and as such they  tended t o  spend more 
t i m e  i n  t h e  lower a l t i t u d e s .  Ai rp lane  2A,  a l though used as an execu t ive  t r a n s p o r t ,  
was t h e  f i r s t  t u r b o j e t  a i r p l a n e  owned by t h e  company. Because of t h e  t r a n s i t i o n  from 
piston-powered t o  turbojet-powered a i r p l a n e s ,  more t i m e  than  u s u a l  (32 p e r c e n t )  w a s  
s p e n t  below 10 000 f t  on f a m i l i a r i z a t i o n  f l i g h t s .  
b e l i e v e d  t o  be r e p r e s e n t a t i v e  of t y p i c a l  turbojet-powered execu t ive  t r a n s p o r t  opera-  
t i o n s ,  consuming abou t  1 7  p e r c e n t  of t h e i r  f l i g h t  t i m e  below 10  000 f t ,  abou t  2 6  per- 
c e n t  between 10 000 and 30 000 f t ,  and abou t  57 p e r c e n t  above 30 000 f t .  
Ai rp lanes  1 ,  13 ,  and 2 a re  
Turboprop-powered a i r p l a n e s  3 and 3 l  ( f i g .  8 ( a )  1 and turbocharged,  p r e s s u r i z e d ,  
piston-powered a i r p l a n e  6 ( f i g .  8 ( b ) )  were a l s o  flown as execu t ive  t r a n s p o r t s .  A i r -  
p l ane  3, a l though used as an  execu t ive  t r a n s p o r t ,  w a s  p r i m a r i l y  flown as a f l i g h t  
demonst ra tor ,  and as such w a s  opera ted  i n  t h e  lower a l t i t u d e s ,  0 t o  4000 f t ,  a 
l a r g e r  percentage  of t i m e  (20 p e r c e n t )  than  a i r p l a n e  3l 
( 1 1 p e r c e n t  1. 
(15  p e r c e n t )  o r  a i r p l a n e  6 
Piston-powered a i r p l a n e s  flown as execu t ive  t r a n s p o r t s ,  types  4, 5, and 7 
through 9, were opera ted ,  as expected,  a t  s i g n i f i c a n t l y  lower a l t i t u d e s  than were 
t u r b o j e t - ,  turboprop-,  o r  turbocharged-piston-powered execu t ive  t r a n s p o r t s .  I f  
weighted averages are taken f o r  the execu t ive  t r a n s p o r t s ,  t h e  r e s u l t s  show t h a t  t h e  
t u r b o j e t s  are flown between 30 000 and 45 000 f t  50 p e r c e n t  of the t i m e ;  tu rboprop  
and turbocharged-p is ton  t r a n s p o r t s  are flown between 10 000 and 24 000 f t  56 p e r c e n t  
of t h e  time; and t h e  p i s t o n  t r a n s p o r t s  are flown above 10 000 f t  7 p e r c e n t  of t h e  
time, with the ma jo r i ty  of t h e i r  f l i g h t  t i m e ,  82  pe rcen t ,  between 2000 and 10 000 f t .  
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Persona l  and i n s t r u c t i o n a l  ope ra t ions . -  The pe rcen tage  of t i m e  f lown i n  a l t i t u d e  
i n t e r v a l s  of 2000 f t  by a i r p l a n e s  i n  p e r s o n a l  and i n s t r u c t i o n a l  o p e r a t i o n s  i s  shown 
i n  f i g u r e s  8 ( c )  and 8 ( d ) .  A i rp l anes  i n  bo th  t y p e s  OE o p e r a t i o n s  recorded  a n  
i n s i g n i f i c a n t  pe rcen tage  of t h e i r  f l i g h t  t i m e  above 10  000 f t ,  r eco rd ing  a weighted 
average  of 2 percent f o r  t h o s e  i n  p e r s o n a l  o p e r a t i o n s  and a weighted average  of 
0.2 p e r c e n t  f o r  i n s t r u c t i o n a l  airplanes. A r e l a t i v e l y  l a r g e  amount of t i m e ,  35- 
and 44-percent weighted average ,  r e s p e c t i v e l y ,  f o r  t h e  two o p e r a t i o n s  w a s  recorded  
below 2000 f t .  Operations i n  t h i s  a l t i t u d e  i n t e r v a l  r e f l e c t  t h e  t i m e  s p e n t  by p i l o t s  
i n  p e r s o n a l  OK i n s t r u c t i o n a l  o p e r a t i o n s  p r a c t i c i n g  f u l l - s t o p  l and ings ,  touch-and-go 
l and ings ,  and a i r f i e l d  t r a f f i c  p a t t e r n  e n t r a n c e s  and d e p a r t u r e s .  A l t i t u d e  i n t e r v a l s  
between 2000 and 10 000 f t  w e r e  t h e  pr imary work i n t e r v a l s  f o r  a i r p l a n e s  i n  bo th  
o p e r a t i o n s  - used by p e r s o n a l  airplanes 62 p e r c e n t  of t h e  t i m e  f o r  c ross -count ry ,  
p l e a s u r e ,  and practice f l y i n g ,  and by i n s t r u c t i o n a l  a i r p l a n e s  56 p e r c e n t  of t h e  t i m e  
f o r  i n s t r u c t i o n a l  a i r  work and so lo  p r a c t i c e  by t h e  s t u d e n t s .  
Commercial survey  operations.- The pe rcen tage  of t i m e  flown i n  a l t i t u d e  i n t e r -  
v a l s  of 2000 f t  by a i r p l a n e s  involved  i n  commercial survey  o p e r a t i o n s  i s  g iven  i n  
f i g u r e  8 (e ) .  A i rp l anes  used as a i r  t a n k e r s  t o  d rop  r e t a r d a n t  chemica ls  on f o r e s t  
f i r e s  ( t y p e s  19, 20, 21, 22, and 24)  w e r e  flown below 10 000 f t  97 p e r c e n t  of t h e i r  
f l i g h t  t i m e  based on a weighted average  of a l l  t h e  a i r  t a n k e r  d a t a  samples. Dif- 
f e r e n c e s  were noted ,  however, between t h e  a l t i t u d e  i n t e r v a l s  f r equen ted  by a i r  t ank-  
ers ope ra t ed  i n  Oregon ( t y p e s  19  and 21) and Arizona ( t y p e  20) and t h o s e  ope ra t ed  i n  
C a l i f o r n i a  ( t y p e s  22 and 24) .  Air  t a n k e r s  based i n  Oregon and Arizona were flown 
b e l o w  2000 f t  9 p e r c e n t  of their  t i m e  compared w i t h  3 3  p e r c e n t  €OK the C a l i f o r n i a  a i r  
t a n k e r s ;  between 2000 and 10 000 f t  87 percent of t h e  time compared wi th  67 percent; 
and above 10  000 f t  4 p e r c e n t  of t h e i r  f l i g h t  t i m e  compared wi th  0.2 pe rcen t .  Dif-  
f e r e n c e s  between t h e  a i rplane a l t i t u d e  practices of t h e  t w o  sets of d a t a  are b e l i e v e d  
t o  be a d i r e c t  r e s u l t  of t h e  topography over  which t h e  f i r e  f i g h t i n g  f l i g h t s  were 
made. The Oregon and Arizona t a n k e r s  were flown over  h igh ,  rugged mountains,  and t h e  
C a l i f o r n i a  t a n k e r s  ove r  lower e l e v a t i o n s  w i t h  less mountainous terrain.  
Lead a i r p l a n e s  were flown below 2000 f t  from 2 t o  1 3  p e r c e n t  of t h e i r  f l i g h t  
t i m e .  A i r p l a n e s  4’ and 25 w e r e  a p p a r e n t l y  ope ra t ed  i n  g e n e r a l l y  similar a l t i t u d e  
i n t e r v a l s ,  r eco rd ing  abou t  84 t o  90 p e r c e n t  of t h e i r  f l i g h t  t i m e  between 2000 and 
10 000 ft, and 9 t o  10  percent of t h e i r  t i m e  above 10  000 f t .  A i rp l ane  27, on t h e  
o t h e r  hand, recorded  77 p e r c e n t  of i t s  t i m e  between 2000 and 8000 f t ,  and on ly  
1 0  percent above 8000 f t .  The smoke jumper a i r p l a n e  (23 )  w a s  seldom flown i n  t h e  
a l t i t u d e  i n t e r v a l  of 0 t o  2000 f t ,  p robably  because i t s  home a i r f i e l d  e l e v a t i o n  w a s  
above 2000 f t ,  and because t h e  a i rplane w a s  used p r i m a r i l y  i n  h igh  mountain reg ions .  
It f l ew abou t  h a l f  of i t s  t i m e  between 2000 and 8000 f t ,  and h a l f  between 8000 and 
16  000 ft. Scout  a i r p l a n e  9B w a s  f lown less than  7 p e r c e n t  of i t s  t i m e  i n  each  a l t i -  
t ude  i n t e r v a l  of 2000 f t  up t o  12 000 f t ,  e x c e p t  between 6000 and 8000 f t ,  where it 
s p e n t  81 p e r c e n t  of i t s  f l i g h t  t i m e .  Mountain peak e l e v a t i o n s  w i t h i n  150 miles of 
t h e  home a i r f i e l d  of airplane 9B extended from 3500 t o  9500 f t  w i th  t h e  m a j o r i t y  
between 3500 and 5500 f t .  From t h i s  it appears t h a t  t h e  s c o u t  a i r p l a n e  w a s  f lown 
from 2000 t o  4000 f t  above ground level  i n  i t s  s c o u t i n g  and o b s e r v a t i o n  mission.  
Airplanes 26, 6A, and 17’, f lown on p i p e l i n e  p a t r o l ,  r e p r e s e n t  t y p i c a l  patrol  
Airp lane  1 7’ w a s  o p e r a t i o n s  over f l a t ,  mountainous , and h i g h  mountainous t e r r a i n .  
f lown between Houston, Texas, and Chicago, I l l i n o i s .  It w a s  never  flown above 
4000 f t ,  and 94 p e r c e n t  of i t s  f l i g h t  t i m e  w a s  below 2000 ft. Airp lane  26 w a s  f lown 
ove r  pipelines t r a n s v e r s i n g  bo th  h igh  and l o w  e l e v a t i o n s  wi th  50 p e r c e n t  of  i t s  t i m e  
f lown below 2000 f t  and 46 p e r c e n t  between 2000 and 8000 f t .  Airplane 6A was flown 
i n  t h e  Rocky Mountain r e g i o n s  of Colorado, Wyoming, and Utah and consequent ly  encoun- 
t e r e d  t h e  most h o s t i l e  environment of t h e  t h r e e  p i p e l i n e  p a t r o l  a i r p l a n e s .  Its home 
1 8  
a i r f i e l d  e l e v a t i o n  w a s  5355 f t ;  i t  w a s  flown below 4000 f t  13  p e r c e n t  of the  t i m e ,  
between 4000 and 10 000 f t  81 p e r c e n t  of t h e  t i m e ,  and between 10 000 and 18 000 f t  
6 p e r c e n t  of the time. 
A i rp l ane  28, the las t  a i r p l a n e  i n  commercial survey  o p e r a t i o n s ,  was flown as a 
f i s h  s p o t t e r  f o r  commercial f i s h i n g  trawlers. It was never  flown above 8000 f t ,  and 
it w a s  ope ra t ed  between 2000 and 6000 f t  30.4 p e r c e n t  of t h e  time and below 2000 f t  
69.5 p e r c e n t  of t h e  t i m e .  Conversa t ions  with t h e  p i l o t  i n d i c a t e d  t h a t  f i s h - s p o t t i n g  
a l t i t u d e s  w e r e  u s u a l l y  around 1700 f t  w i th  o c c a s i o n a l  excur s ions  above and below t h i s  
a l t i t u d e .  
Aer i a l  a p p l i c a t i o n  ope ra t ions . -  F igure  8 ( f )  g ives  the percentage  o€ t i m e  flown 
i n  a l t i t u d e  i n t e r v a l s  of 2000 f t  by a i r p l a n e s  used i n  aerial  a p p l i c a t i o n  o p e r a t i o n s .  
A l l  t h e  a i r p l a n e s  excep t  t hose  whose home bases  w e r e  above 2000 f t  and those  f e r r i e d  
t o  remote l o c a t i o n s  from t h e  home base  were flown i n  t h e  i n t e r v a l  from 0 t o  2000 f t  
abou t  100 p e r c e n t  of t h e  t i m e .  There appeared t o  be l i t t l e  d i f f e r e n c e  between t h e  
a l t i t u d e  o p e r a t i n g  practices of t h e  heavy turbine-powered, t h e  heavy piston-powered, 
o r  t h e  l i g h t  piston-powered a i r p l a n e s .  A l l  were flown c l o s e  t o  ground l e v e l  d u r i n g  
dispersal  of t h e  chemicals and i n  f l i g h t s  t o  and from t h e  work areas. 
Other  opera t ions . -  The pe rcen tage  of t i m e  flown i n  a l t i t u d e  i n t e r v a l s  of 2000 f t  
by a i r p l a n e s  used i n  a e r o b a t i c ,  commuter, and f l o a t  o p e r a t i o n s  i s  shown i n  f i g -  
u r e s  8 ( g ) ,  8 ( h ) ,  and 8 ( i ) ,  r e s p e c t i v e l y .  
A i rp l ane  38, flown i n  a e r o b a t i c  o p e r a t i o n s  ( f i g .  8 ( g ) ) ,  recorded  61 p e r c e n t  of 
i t s  f l i g h t  t i m e  below 2000 f t  - an unexpected r e s u l t .  It was thought  t h a t  t h e  
l a r g e s t  pe rcen tage  of the  f l i g h t  t i m e  would be between 2000 and 6000 f t ,  s i n c e  an  
a l t i t u d e  cushion  i s  necessa ry  f o r  a e r o b a t i c  practice. In  an  attempt t o  e x p l a i n  why 
such  a large percentage  o€ time w a s  flown below 2000 f t ,  VGH r eco rds  from a i r p l a n e  38 
were examined with p a r t i c u l a r  a t t e n t i o n  g iven  t o  t h e  type  of f l i g h t  made and t o  t h e  
a l t i t u d e  trace h i s t o r y  of t h e  f l i g h t .  The resul ts  of t h e  r eco rd  scan  i n d i c a t e d  
56 p e r c e n t  of the  f l i g h t s  w e r e  a e r o b a t i c ,  22 p e r c e n t  were cross-count ry  f l i g h t s ,  and 
22 p e r c e n t  were touch-and-go l and ing  practice f l i g h t s .  The c ross -count ry  f l i g h t s  
accounted f o r  21 p e r c e n t  of t h e  d a t a  sample t i m e .  They were r e l a t i v e l y  s h o r t  i n  
d u r a t i o n ,  28.5 min on average ,  and w e r e  g e n e r a l l y  conducted below 2000 f t .  The 
touch-and-go l and ing  f l i g h t s  r ep resen ted  20 p e r c e n t  of t h e  f l i g h t  t i m e ,  averaged 
27.7 min per f l i g h t ,  and w e r e  a l l  below 2000 f t .  Aerobat ic  f l i g h t s  accounted f o r  
59 p e r c e n t  of t he  f l i g h t  t i m e .  They averaged 32.2 min and d u r i n g  a e r o b a t i c  i n s t r u c -  
t i o n  or practice w e r e  flown between 2500 f t  and about  6000 f t .  
p r a c t i c e  area w a s  15  n.mi. from the  home a i r f i e l d  and r e q u i r e d  6 min t o  reach.  Con- 
v e r s a t i o n s  wi th  t he  i n s t r u c t o r  p i l o t  i n d i c a t e d  t h a t  a l though d e p a r t u r e  from t h e  home 
a i r f i e l d  u s u a l l y  c o n s i s t e d  of a s t e a d y  climb t o  abou t  6000 f t ,  t h e  r e t u r n  t o  base  was 
u s u a l l y  made a t  low a l t i t u d e s  (below 2000 f t )  s i n c e  t h e  a e r o b a t i c s  were f i n i s h e d  i n  
t h e  low a l t i t u d e  p o r t i o n  of t h e  a e r o b a t i c  a l t i t u d e  spectrum, and t h e  low r e t u r n  t o  
base  w a s  made t o  avoid  r e l a t i v e l y  heavy c i v i l  and m i l i t a r y  t r a f f i c  i n  t h e  area. 
Although t h e s e  p a r t i c u l a r  a e r o b a t i c  f l i g h t s  seem t o  have been flown i n  an  unusua l ly  
low a l t i t u d e  environment,  t h e  p r o p o r t i o n  of c ross -count ry  and touch-and-go f l i g h t s  t o  
a e r o b a t i c  f l i g h t s ,  t h e  a i r s p e e d  practices, and the  a c c e l e r a t i o n  expe r i ence  ( r e f .  2 )  
are be l i eved  t o  be t y p i c a l  f o r  a i r p l a n e s  flown i n  b a s i c  a e r o b a t i c  f l i g h t  i n s t r u c t i o n  
ope ra t ions .  
The a e r o b a t i c  
The pe rcen tage  of t i m e  flown i n  i n t e r v a l s  of 2000 f t  by a i r p l a n e s  i n  commuter 
o p e r a t i o n s  i s  g iven  i n  f i g u r e  8 ( h ) .  Ai rp lane  39, t h e  h e a v i e r  and s lower  of t h e  two 
commuter a i r p l a n e s ,  s p e n t  89 p e r c e n t  of i t s  f l i g h t  time a t  a l t i t u d e s  below 4000 f t  
and only 11 p e r c e n t  between 4000 and 1 2  000 f t .  Ai rp lane  40 f lew 50 p e r c e n t  of i t s  
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t i m e  below 4000 f t ,  49 p e r c e n t  between 4000 and 10 000 f t ,  and only  1 p e r c e n t  above 
10 000 f t .  The d a t a  i l l u s t r a t e  t h e  e f r e c t s  of f l i g h t  d u r a t i o n  on t h e  a l t i t u d e  opera-  
t i n g  practices of commuter a i r p l a n e s .  Opera t ions  r e q u i r i n g  short  d u r a t i o n  f l i g h t s  
were flown i n  t h e  lower a l t i t u d e  l e v e l s  s i n c e  climbs t o  h i g h e r  a l t i t u d e s  would 
i n c r e a s e  e l a p s e d  t i m e  between t a k e o f f  and d e s t i n a t i o n  and, i n  a d d i t i o n ,  would burn  
more f u e l ,  t he reby  f u r t h e r  i n c r e a s i n g  o p e r a t i n g  costs. Longer d u r a t i o n  f l i g h t s  were 
made i n  t h e  h i g h e r  a l t i t u d e  l e v e l s  t o  d e c r e a s e  o p e r a t i n g  costs (more e f f i c i e n t  eng ine  
o p e r a t i o n  and h i g h e r  t r u e  a i r s p e e d s )  and t o  i n c r e a s e  passenger  comfort  by f l y i n g  i n  
less t u r b u l e n t  a i r .  
F i g u r e  8 ( i )  shows t h e  pe rcen tage  of t i m e  flown i n  a l t i t u d e  i n t e r v a l s  of 2000 f t  
by a i r p l a n e  41, a f loa t -equipped  a i r p l a n e  used i n  bush-type ope ra t ions .  As i n d i -  
c a t e d  i n  t h e  f i g u r e ,  t h e  m a j o r i t y  (88 p e r c e n t )  of i t s  f l i g h t s  were below 4000 f t .  
Two f l i g h t s  were made i n t o  t h e  i n t e r v a l  of 14 000 t o  16 000 f t ;  however, f l i g h t s  
above 10  000 f t  were rare, accoun t ing  for  only  1.0 p e r c e n t  of the t o t a l  number of 
f l i g h t s  and 0.2 p e r c e n t  of t h e  t o t a l  f l i g h t  t i m e .  
A comparison of a l t i t u d e  o p e r a t i n g  practices by the  same a i r p l a n e  type  used i n  
d i f f e r e n t  t y p e s  of o p e r a t i o n s  shows t h a t  more t i m e  i s  flown above 4000 f t  by a i r p l a n e  
t y p e  4 when used i n  e x e c u t i v e  and commercial survey  o p e r a t i o n s  than  when used i n  
i n s t r u c t i o n a l  o p e r a t i o n s .  An e x c e p t i o n  t o  t h i s  i s  a i r p l a n e  type  17, flown i n  commer- 
c i a l  survey  and i n s t r u c t i o n a l  ope ra t ions .  In  t h i s  p a r t i c u l a r  comparison t h e  commer- 
c i a l  survey  a i r p l a n e  w a s  f lown on p i p e l i n e  p a t r o l  and w a s  never  flown above 4000 f t ,  
whereas the i n s t r u c t i o n a l  a i r p l a n e ,  based i n  Denver, Colorado, w a s  seldom flown below 
4000 f t .  There appeared t o  be f e w  d i E f e r e n c e s  between the  a l t i t u d e  o p e r a t i n g  prac- 
t ices  of a i r p l a n e s  used i n  i n s t r u c t i o n a l  o p e r a t i o n s ,  t ype  12, and t h o s e  used i n  pe r -  
s o n a l  o p e r a t i o n s .  As a g e n e r a l  comment, a i r p l a n e  a l t i t u d e  o p e r a t i n g  practices appear  
t o  be d i c t a t e d  by type  of o p e r a t i o n ,  and n o t  by type  of a i r p l a n e .  
CONCLUDING REMARKS 
D e t a i l e d  d a t a  have been p r e s e n t e d  on t h e  f l i g h t  d u r a t i o n s ,  a i r s p e e d  practices, 
and a l t i t u d e  usage f o r  each of  95 g e n e r a l  a v i a t i o n  a i r p l a n e s  involved  i n  9 d i f f e r e n t  
t y p e s  of f l i g h t  o p e r a t i o n s .  These d a t a  complement a c c e l e r a t i o n  d a t a  ob ta ined  from 
t h e  same 95 a i r p l a n e s  and r e p o r t e d  i n  NASA TM-84660. The combined d a t a  sets are 
i n t e n d e d  t o  p rov ide  t h e  g e n e r a l  a v i a t i o n  a i r p l a n e  d e s i g n e r  o r  a n a l y s t  w i th  a bank of  
d a t a  from which a c c e l e r a t i o n ,  f l i g h t  d u r a t i o n ,  a i r s p e e d ,  and a l t i t u d e  in fo rma t ion  
r e p r e s e n t a t i v e  of present -day  usage may be obta ined .  
NASA Langley Research Center  
Hampton, VA 23665-5225 
A p r i l  9, 1987 
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TABLE 111.- NUMBER OF FLIGHTS OF A GIVEN DURATION FLOWN BY INDIVIDUAL 
AIRPLANES IN SPECIFIED TYPES OF OPERATIONS 
(a ) win-eng ine  e x e c u t i v e  o p e r a t i o n s  
I i F l i g h t s  pe r  a i r p l a n e  - 
F l i g h t  
d u r a t i o n ,  
m i  n 
0 t o  15 
15 t o  30 
30 t o  45 
45 t o  60 
60  t o  75 
75 t o  90 
90 t o  105 
105 t o  120 
120 t o  135 
135 t o  150 
150 t o  165 
165 t o  180 
195 t o  210 
210 t o  225 
225 t o  240 
240 t o  255 
255 to 270 
285 t o  300 
1 I I a 1 2 (  a131 2 I 2A 
34 
TABLE 111.- Continued 
(b) Single-engine execu t ive  o p e r a t i o n s  
F l i g h t s  per a i r p l a n e  - 
F l i g h t  
min 
d u r a t i o n ,  6 7 7A 7B 7C 7C’ 8 8A 
P i s  ton  
35 
TABLE 111.- Continued 
F l i g h t  
d u r a t i o n ,  
min 
(c) P e r s o n a l  o p e r a t i o n s  
10 10’ 10A 1 1  1 2  12’ 122  123  12A 13  1 3 l  
1 I F l i g h t s  per a i r p l a n e  - I 
I Pis t o n  I I 
3 6  
TABLE 111.- Continued 
(d 1 I n s t r u c t i o n a l  o p e r a t i o n s  
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TABLE 111.- Continued 
( e )  Commercial survey o p e r a t i o n s  
~~ 
F1lght 
d u r a t i o n ,  
~~~ ~ ~~ ~ 
F l i g h t s  p e r  a i r p l a n e  - 
19 I 19’1 20 I 201 I 21 22 23 24 24’ 242 243 2441 245 1 25 I 4l 26 6A 27 1 981 1 7 ~ 1  28 
T - j e t  L I P s t n  I Pis ton 
38 
TABLE 111.- Continued 
(f) A e r i a l  a p p l i c a t i o n  o p e r a t i o n s  
1 F l i g h t s  per a i r p l a n e  - I 
F l i g h t  
d u r a t i o n ,  
min 
39 
TABLE 111.- Continued 
F l i g h t  
d u r a t i o n ,  
min 
( f 1 Concluded 
33A’ I 33A2 1 34 1 34’ I 342 1 3431 35 I 35’1 3521 36 1 36AI 37 1 37’ 
Pis ton  
40 
TABLE 111.- Concluded 
39 
(9)  Aerobatic operations 
40 
(h) Commuter operations ( i )  Float operations 
Flights per airplane - Flights  per airplane - 
38 
Flight 
dura t ion,  
min 
41 
P i s  ton 
722 
P i s  ton 
48 0 t o  15 
15 t o  30 140 136 
30 t o  45 90 287 1285 266 
134 45 t o  60 39 73 872 





I 27 2 75 t o  90 
90 t o  105 2 23 
105 t o  120 1 0 2 7 
2 1  120 to 135 
135 t o  150 
L 
4 
2 150 t o  165 
165 t o  180 




TABLE 1V.- HOURS O F  F L I G H T  I N  VARIOUS A I R S P E E D  INTERVALS BY I N D I V I D U A L  
A I R P L A N E S  FLOWN I N  S P E C I F I E D  'TYPES O F  OPERATIONS 
( a )  Twin-engine executive operations 
knots 
Fl ight  hr per ai rplane - I I 
1 
1 a l  a12 a~ 2 2A I 
8 0  t o  100 
100 t o  120 
Turbojet I I 
0.18 0.03 1.50 0.43 
0.78 7.90 1.07 0.18 8.98 3.55 
0 t o  20 I 
120 t o  140 
140 t o  160 
160 t o  180 
180 t o  200 
13.03 42.17 7.82 0.48 23.00 11.80 
11.57 43.88 7.93 0.38 30.68 22.52 
11.50 37.85 6.42 0.57 46.90 19.33 
14.30 37.32 9.13 1.20 135.00 21.68 
95.82 
127.70 
200 t o  2201  29.081 67.831 12.63 I 4.551 396.07 I 55.27 
150.45 25.97 15.82 360.32 137.78 
138.45 41.38 8.83 109.37 137.68 
220 t o  240 
0.47 
240 t o  260 
0.45 0.28 0.65 
0.07 
260 t o  280 
280 t o  300 
300 t o  320 
320 t o  340 
340 t o  360 
~ ~~ 
360 t o  380 
~~ ~~ 
380 t o  400 
29.351 24.821 4.35 I 1.421 1.48 I 28.72 
17.931 9.931 1.88 I 0.381 I 13.20 
42 
TABLE IV.- Continued 
170 t o  180 
( a 1 Concluded 
32.50 256.13 268.92 5.02 3.95 
Flight  h r  per a i rplane - 
knots 
Turboprop P i s  ton 
230 t o  240 
0 t o  101  I 
0.08 
10 t o  201 I 
20 t o  30 I I 
TO t o  401 I 
-=ti- 50 t o  60 
60 t o  70 
90 t o  looi ;:I ;::; 
100 t o  110 
110 t o  120 9.22 27.55 
120 t o  130 11.12 60.73 
130 t o  140 12.57 97.30 
140 t o  150 22.97 97.97 
36.35 1 7.931 :::7i 
55.52 17.13 
65.40 29.18 14.58 
I 180 t o  1901 15.05 I 200.12 
43 
TABLE 1V.- Continued 
(h) Single-engine executive operations 
6 7 7A IAS,  
knots 
I F l i q h t  h r  per a i rplane - 
7B 7c 7C1 8 8A 8A1 9 9A 
P i s  ton I 
0 t o  10 
20 t o  30 
30 t o  40 
40 t o  50 
50 t o  60 0.051 :I 0.15 
0.40 0.50 60 t o  70 
70 t o  80 0.27 I 2.581 0.27 I 0.62 2.18 7.80 1.20 3.15 
10.051 16.72 
18.87 20.82 
7.981 11.801 4.521 1:; 
13.32 25.52 12.33 
80 t o  90 
90 t o  100 
100 t o  110 
110 t o  120 
120 t o  130 
4.95 16.27 69.18 17.58 *99.65 87.90 1.52 81.50 54.92 127.48 6.38 70.85 
22.60 89.75 2.62 12.33 
130 t o  140 
140 t o  150 
150 t o  160 I 0.051 34.781 0.18 3.271 0.021 0.33 
160 t o  170 9.42 I 21.021 0.33 I 1.33 0.17 I I 0.02 
0.12 I 1.031 0.02 I 0.08 170 t o  180 
180 t o  190 
I I I 
I I I 
190 t o  200 
44 
TABLE I V .  - Cont inued  
(c) P e r s o n a l  o p e r a t i o n s  
IAS, 
k n o t s  
I F l i g h t  h r  per a i r p l a n e  - 
10 lo1 10A 1 1  12 12l 122 123 12A 13 I 13l 
60 t o  701 0.28 
70 t o  80 1.85 
80 t o  90 2.97 
P i s  t o n  I 
3.45 2.72 14.28 0.47 14.77 1.57 
9.78 6.68 20.85 1.33 46.38 4.78 






















1 1  a65 
26.68 
49.97 35.78 










0.45 120 t o  1301 46.321 20.031 107.731 0.281 1 0.031 0.67 
0.03 
140 t o  1501 24.75) 39.88) 5.781 I I I 
150 t o  1601 2.021 5.621 0.601 I I I 
160 to 1701 I I I I  
45 
TABLE I V .  - Cont inued  
4A IAS, 
k n o t s  
( d )  I n s t r u c t i o n a l  o p e r a t i o n s  
14 1 4A 15 12B I 12B’ I 12B2 16 17 18 1 8 l  
I F l i g h t  h r  per a i r p l a n e  - 
P i s  t o n  
0 t o  10  
1 0  t o  20 
20 t o  30 0.03 0.15 1.98 
1.37 I 8.15 I 0.62 I 0.131 0.40 I 1.87 I 2.43 I 1.05 30 t o  40 
40 t o  50 3.43 5.98 1.95 6.02 7.47 10.12 8.00 15.25 
50 t o  60 8.28 19.78 6.82 14.97 10.78 25.87 17.75 46.88 
102.42 207.43 
248.23 309.13 






TABLE 1V.- Continued 
( e )  Commercial survey  o p e r a t i o n s  
19 1 191 I 20 I 201 I 21 22 23 24 24l 24’ 243 
k n o t s  
P i s  t o n  T - j e t  & I Pstn  I P i s  t o n  
0 to 10 
10 to  20 
20 to 30 
30 to  40 
I 
47 
TABLE 1V.- Continued 
( e  ) Concluded 
0.23 0.13 5.73 




I P i  s ton I 
I 
0 t o  10 
10 t o  20 
20 t o  30 
30 t o  40 I I  
I 1  40 t o  50 
50 t o  60 !60 to 70 I I 0.37 I 0.351 0.17 I 4.72 1 418.57 1 1 1.13 3.581 22.901 359.20 1 
31.27 124.95 58.88 70 t o  80 I 0.1 3 
80 t o  901 0.081 0.43 49.97 669.551 2.57 I I qE 
4.35 6.87 
~~ ~ 
228.85 90 t o  100 
100 t o  110 
110 t o  120 
340.55 31.50 2.50 17.87 
31.32 3.80 42.03 78.67 1.20 1 
11.47 6.531 0.581 120 t o  130 9.25 
130 to 140 14.30 
140 t o  150 12.10 
150 t o  160 13.28 
160 to 170 15.75 
170 t o  180 15.75 









180 to 1901 7.58 0.1 3 1.231 0.05 0.081 0.08 
190 t o  200 I ;:;I 
200 t o  210 
210 to 220 I 0.42 

































TABLE IV.- Concluded 
I A S ,  
knots 
0 t o  10 
10 t o  20 
20 to 30 
30 to 40 
40 to 50 
50 t o  60 
60 to 70 
70 to 80 
80 to 90 
90 to 100 
100 t o  110 
110 to 120 
120 to 130 
( g )  Aerobatic operations (h)  Commuter operations ( i )  Float operations 
38 39 40 41 





13.72 1.73 3.55 
42.85 11.62 14.27 
34.13 32.50 47.18 
33.27 70.95 4.85 89.37 
26.95 136.15 16.12 307.23 
10.87 194.52 27.08 361.75 
3.37 158.98 57.65 55.35 
1 e48 178.98 117.63 4.82 
~ _ _  ~ _ _ _  ~ I Flight  hr per airplane - b l i g h t  hr per airplane - 1 Flight hr per airplane - 
51 
TABLE V.- HOURS OF F L I G H T  I N  VARIOUS A L T I T U D E  INTERVALS BY I N D I V I D U A L  
A I R P L A N E S  FLOWN I N  S P E C I F I E D  T Y P E S  OF OPERATIONS 
A l t i t u d e ,  
f t  
( a )  Twin-engine execut ive operations 
F l i g h t  h r  per airplane - 
1 a l  a l  a1 2 2A 
43.12 3.75 139.27 
19.97 2.25 98.95 
15.28 2.00 71.30 
17.25 1.75 66.73 
10 000 t o  15 000 35.77 66.65 
15 000 t o  20 000 35.08 49.15 
20 000 t o  25 000 47.63 58.87 












35 000 t o  40 000 
4.13 64.97 29.28 
11.55 67.95 42.83 
13.18 168.58 117.20 
594.25 1 1  2.1 3 
~ ~~ 
40 000 to 45 000 I 1.70 1 3.87 
T1.37 I 2.651 63.27 I 39.68 
52 
TABLE V.- Continued 
A l t i t u d e ,  
( a 1 Concluded 
F l i g h t  h r  p e r  a i r p l a n e  - 
3l 4 5 51 
t I I I ! f t  
I I Turboprop P i s  t on  
22 000 t o  24 000 0.38 
a Demonstrator.  
53 
TABLE V.- Continued 
A l t i t u d e ,  
f t  
(h) Single-engine  e x e c u t i v e  o p e r a t i o n s  
F l i g h t  h r  p e r  a i r p l a n e  - 
6 7 7A 7B 7c 7C1 8 8 A  8A1 9 9A 





I 0 to  2 000 
23.83 4.37 11.37 42.28 
95.00 6.08 24.42 24.78 
107.45 I 3.98 58.73 33.00 
105.82 0.23 87.12 13.83 
6 000 t o  8 000 




10 000 t o  12 000 
12  000 to  14 000 
14 000 t o  1 6  000 
16 000 t o  1 8  000 
1 8  000 t o  20 000 




~~~ I 22 000 t o  24 000 








12.18 68.25 -t 7.62 75.13 
5.13 29.58 + 
i 
40.73 20.60 47.38 









TABLE V.- Continued 
A l t i t u d e ,  
f t  
(c) P e r s o n a l  o p e r a t i o n s  
10 l o 1  10A I 11 I 12  I 12l  I 122 l z 3  I 12A 1 3  I 13 l  
P i  s t o n  
8 000 t o  1 0  000 25.60 
1 0  000 t o  12  000 9.38 
12  000 t o  14 000 1.90 
1 4  000 t o  1 6  000 0.08 
1 6  000 t o  1 8  000 
1 8  000 t o  20 0001 
I 20 000 t o  22 000 
22 000 t o  24 0001 
I 
37.30 48.50 + 23.25 65.27 
1 0.17 
32.23 15.47 175.12 40.75 
5.83 I i I 0.72 I 0.65 
I 
3.80 
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Figure  1 .- NASA VGH recorder .  
62 
Figure 2.- Sample VGH record from f l igh t  performed i n  instructional 
operations. 









































































A i r p l a n e  1 
T u r b o j e t  ':t 1
0 
1 A i r p l a n e  1 
T u r b o j e t  c - E  
2 A i r p l a n e  1 
I T u r b o j e t  
- f  
I 
I l l b  
I I '  I I I 1 
c 
3 
t ' A i r p l a n e  1 
T u r b o j e t  - I I 
I 
I 
A i r p l a n e  2 
T u r b o j e t  
f 
A i r p l a n e  2A 
T u r b o j e t  
I I I I I I 
1 2 3 4 5 0 
F l i g h t  d u r a t i o n ,  h r  
(a  1 Twin-engine execu t ive  ope ra t ions .  
F igu re  4.- V a r i a t i o n  of f l i g h t  d u r a t i o n  f o r  i n d i v i d u a l  a i r p l a n e s  flown i n  







































lo 0 E 
A i r p l a n e  3 
T u r b o p r o p  
30 
10 




n A i r p l a n e  3 1 T u r b o p r o p  
I I I I 1 
t 




I I 1 I 
f 
A i r p l a n e  5 
Piston 
20  r nf 
1 A i r p l a n e  5 
Piston 
I 
I I I I I I 
0 1 2 3 4 5 
F l i g h t  d u r a t i o n ,  h r  
(a) Concluded. 









































I f n Piston 
30 r 
20 
1 0 .  
0 -  





1 0  
0 
A i r p l a n e  7A 
Piston 
I I 1 I I I I I 
A i r p l a n e  78 "t Piston 
0 1- 
30 r 
A i r p l a n e  7C 
2 0 1  Piston 
10 
0 
I I I I I I 1 
1 2 3 4 5 6 0 
F l i g h t  d u r a t i o n ,  h r  
(b) Single-engine  e x e c u t i v e  o p e r a t i o n s .  
F igu re  4.- Continued. 
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VI 











































1 0  
0 
1 A i r p l a n e  7 C  
Piston 
40 
1 0  




n i  A i r p l a n e  8A 
I I  ‘i Piston 
20 
l o  0 E A i r p l a n e  8A Piston 
I I I I I 1 
0 1 2 3 4 5 
F l i g h t  d u r a t i o n ,  h r  
(b) Continued. 














A i r p l a n e  9 
Piston 
~ 
0 1 2 3 4 
F l i g h t  d u r a t i o n ,  h r  
(b) Concluded. 




































1 0  
f 
f 
A i r p l a n e  1 0  





1 A i r p l a n e  10 
Piston 
30 r 
A i r p l a n e  10A 








A i r p l a n e  11 
Piston 
1 I I I I I I 
0 1 2 3 4 5 6 
F l i g h t  d u r a t i o n ,  h r  
(c) Persona l  o p e r a t i o n s .  











































1 0  
0 
A i r p l a n e  1 2  
P i s t o n  
I I 1  I 1 I 1 I 
t 
A i r p l a n e  1 2  2 






- 0 - A i r p l a n e  12’ 
P i s t o n  
- 
- 
0 1 2 3 4 5 6 
F l i g h t  d u r a t i o n ,  h r  
( c  1 Continued. 









: 1 0  
W 
n 









W a 10 
n 
A i r p l a n e  1 2 8  
P i s t o n  
A i r p l a n e  1 3  
P i s t o n  
I 1 I I I I I 
0 1 2 3 4 5 6 
F l i g h t  d u r a t i o n ,  h r  
(c 1 Concluded. 




1 0  
0 














1 0  
0 
A i r p l a n e  15 
P i s t o n  
0 1 2 3 4 5 
F l i g h t  d u r a t i o n ,  h r  
( d 1 I ns t ruc t i ona l  opera ti ons . 











































0 -  















A i r p l a n e  12B 
Piston 
1 
I f  m - 1 A i r p l a n e  12B 
Piston 




A i r p l a n e  16 
Piston 
I I I I 1 
0 1 2 3 4 
F l i g h t  d u r a t i o n ,  h r  
( d  1 Continued. 
F igu re  4.- Continued. 
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20 














A i r p l a n e  1 7  
Piston 
f 
A i r p l a n e  18 
Piston 




I I I I 1 
0 1 2 3 4 
F l i g h t  d u r a t i o n ,  h r  
( d )  Concluded. 



































a k 10 
0 
I 









10 :i Airplane 20 1 P i s t o n  
1 I I I I I 1 I 
0 1 2 3 4 5 6 7 
Flight  du ra t ion ,  hr 
( e  1 Commercial su rvey  o p e r a t i o n s .  



















A i r p l a n e  21 
T-jet & P s t n  
i n n  n 
I I I I I I I 1 I 
A i r p l a n e  22 
P i s t o n  
( e 1 Canti nued. 




















1 A i r p l a n e  24 
Piston 
. c  
1 
2 
A i r p l a n e  24 
Piston 
I I I 1 
0 1 2 3 
F l i g h t  d u r a t i o n ,  h r  
( e  1 Continued. 







































3 A i r p l a n e  24 
Piston 
1 Ih





0 .  




A i r p l a n e  25  
t P i s t o n  
0 
I I I I I I 1 
I 
0 1 2 3 4 5 6 
F l i g h t  d u r a t i o n ,  h r  
( e )  Continued. 
F igure  4.- Continued. 
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1 A i r p l a n e  4 






r l l - n l  
I I I I 
Ln 
+J 20 t 
.r m A i r p l a n e  26 
v- P i s t o n  
U 
CL k o  I l 7 1 t  
L I I I I I 1 
- P i s t o n  
I 
F l i g h t  d u r a t i o n ,  h r  
(e 1 Continued. 





























A i r p l a n e  9B 
Piston 
I I I 1 I I I I I I 
20 r 
1 
A i r p l a n e  17 
Piston 
t 
1 0  2 1  t I A i r p l a n e  28 Piston 
0 t) 
I I I I , I  I I I I 1 
0 1 2 3 4 5 6 7 8 9 
F l i g h t  d u r a t i o n ,  h r  
(e  1 Concluded. 





















1 0  
0 
A i r p l a n e  29 
Turboprop 
I 
A i r p l a n e  30 
Piston 
I 
1 A i r p l a n e  30 
Piston 
F l i g h t  d u r a t i o n ,  hr 
f 
A i r p l a n e  29 1 
I Turboprop 
I-  







2 A i r p l a n e  30 
Piston 
L 
A i r p l a n e  30A 
Piston L -
0 1 2 
F l i g h t  d u r a t i o n ,  hr 
(f 1 A e r i a l  a p p l i c a t i o n  ope ra t ions .  





































3 0  
20 
1 0  
0 
1 A i r p l a n e  32 
Turboprop - 
- f  
-- 
A i r p l a n e  31 
P i s t o n  
A i r p l a n e  32 
Turboprop 
0 1 2 
F l i g h t  d u r a t i o n ,  hr 
(f 1 Continued. 
r 
2 A i r p l a n e  32 
Turboprop 





























1 0  
0 
- A i r p l a n e  33 






0 1 2 
F l i g h t  d u r a t i o n ,  hr 
1 A i r p l a n e  33 
P i s t o n  
t 
1 A i r p l a n e  33A 
P i s t o n  
7 
0 1 2 
F l i g h t  d u r a t i o n ,  h r  
(f 1 Continued. 






















A i r p l a n e  33A 
P i s t o n  
1 A i r p l a n e  34 
P i s t o n  
0 1 2 
F l i g h t  d u r a t i o n ,  h r  
A i r p l a n e  34 
P i s t o n  
r 
2 A i r p l a n e  34 
P i s t o n  
1 I I I I I 
0 1 2 3 4 5 
I 
F l i g h t  d u r a t i o n ,  h r  
(f 1 Continued. 


























0 -  
40 ::t :i 10 
i. 
3 A i r p l a n e  34 
Piston 
1 A i r p l a n e  35 
Piston 
0 1 2 3 
F l i g h t  d u r a t i o n ,  hr  
A i r p l a n e  35 
Piston 
r i .  
2 A i r p l a n e  35 
Piston 
I 1 I 1 
0 1 2 3 
F l i g h t  d u r a t i o n ,  hr 
(f 1 Continued. 

















1 c  















1 0  







A i r p l a n e  36 
P i s t o n  
L 
t 
A i r p l a n e  36A 
P i s t o n  
I 
I 
A i r p l a n e  37 
P i s t o n  
1 A i r p l a n e  37 
P i s t o n  
0 1 2 
F l i g h t  d u r a t i o n ,  h r  
0 1 2 
F l i g h t  d u r a t i o n ,  h r  
(f) Concluded. 






1 0  





A i r p l a n e  38 
t Piston 
(g 1 Aerobat ic  o p e r a t i o n s .  
 
0 1 2 





1 0  - 
0 -  
A i r p l a n e  39 
Turboprop 
A i r p l a n e  40 
Turboprop 
L I I 1 I I I 1 
0 1 2 3 0  1 2 3 
F l i g h t  d u r a t i o n ,  h r  F l i g h t  d u r a t i o n ,  h r  




A i r p l a n e  41 
Piston 
t 
I I 1 I 1 
0 1 2 3 4 
F l i g h t  d u r a t i o n ,  h r  
I 
(i 1 F l o a t  o p e r a t i o n s .  


























2 2A 3 3 '  4 5 5 '  
A i r p l a n e  
6 7  
0 Maximum 
Average 
7A 78 7 C  7C1 8 8A 8A1 9 9A 
A i r p l a n e  
( a )  Twin-engine execu t ive  ope ra t ions .  (b 1 Single-engine execu t ive  ope ra t ions .  
F igu re  5.- Maximum and average i n d i c a t e d  airspeeds recorded by i n d i v i d u a l  
























1 0  1 0  
0 Maximum 
E3 Average  




0 Average  
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